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ABSTRACT 
P a s s i f  l o r a  mollissima (HBK. ) Bailey,  a  p e r r e n i a l  climber 
from the  Andean h ighlands ,  is c u r r e n t l y  p r o l i f e r a t i n g  i n  koa 
( ~ c a c i a  - koa) and ' o h i t a  ( ~ e t r o s i d e r o s  c o l l i n a )  f o r e s t s  on the  
i s l a n d s  of Hawai ' i  and Kaua ' i .  S ince  its in t roduc t ion  t o  the 
i s l a n d s  i n  t he  e a r l y  p a r t  of t h i s  century it has spread r ap id ly  
and now occupies nea r ly  500 km2. I n f e s t a t i o n s  range from 
s c a t t e r e d  i n d i v i d u a l s  with low cover  t o  complete dominance of an 
a r e a ,  i n h i b i t i n g  t h e  growth and reproduct ion of f o r e s t  t r e e s .  
This  v ine ,  commonly known i n  Hawai t i  a s  "banana poka" has 
been va r ious ly  r e f e r r e d  t o  a s  P a s s i f l o r a  mollissima o r  P. mixta 
- -  
o r  a s  t h e  product  of i n t r o g r e s s i v e  hybr id i za t ion  between P. 
mollissima and an unknown spec ies .  q u a n t i t a t i v e  and q u a l i t a t i v e  
cha rac t e r s  were evaluated i n  an  a t tempt  t o  cha rac t e r i ze  t h e  
Xawaiian taxon. Comparison of t hese  da t a  with the  most r e c e n t  
taxonomic t reatment  of P a s s i f l o r a  showed t h a t  most cha rac t e r s  a r e  
-
with in  the  range of those of P. mollissima. I t  is concluded t h a t  
t h e  Hawaiian taxon should x e  considered P a s s i f  l o r a  mollissima 
sensu l a t o .  Brief  mention i s  made of t he  s i m i l a r i t y  between t h e  
--
Hawaiian populat ion and seve ra l  populat ions i n  o the r  P a c i f i c  
a r eas .  
The ecology and l i f e  h i s t o r y  of P. mollissima were s tudied  
i n  t h r e e  a r e a s  on t h e  i s l a n d  of ~ a w a i ' i .  I n  t h i s  spec i e s ,  seeds  
r e q u i r e  a  s h o r t  per iod  of a f t e r r i p e n i n g .  Germination is  
staggered and most s eed l ings  emerge wi th in  4 t o  12  weeks. 
Gemina t ion  success  is no t  a f f e c t e d  by l i g h t  i n t e n s i t y  bu t  t h e  
r a t e  i nc reases  wi th  inc reas ing  l i g h t  and a s soc i a t ed  higher  
temperatures.  A t  very  low l i g h t  i n t e n s i t e s  (2.0% RLI) t h e  
germination r a t e  is s i g n i f i c a n t l y  i n h i b i t e d .  I n g e s t i o n  of seeds 
by f e r a l  p i g s  has  l i t t l e  e f f e c t  on germination; they  func t ion  
p r i n c i p a l l y  a s  e f f e c t i v e ,  shor t -d is tance  d i s p e r s a l  agents .  
D e n s i t i e s  of germinants ranged from 540 t o  554,000 
indiv. /ha.  2nd were considerably h igher  i n  a r e a s  of heavy p i g  
a c t i v i t y .  Growth of s eed l ings  is  slow compared with o the r  s t a g e s  
i n  t h e  l i f e  cycle .  Heaviest  m o r t a l i t y  occurs  between t h e  
germinant and seed l ing  s tage .  The juveni le  phase i s  
charac te r ized  by r ap id  growth r a t e s  (up  t o  3 m/yr) and a 
d i s t i n c t i v e  morphology which i s  a l s o  found i n  rapidly-growing 
( f l u s h i n g )  a d u l t  shoots .  Surv iva l  from the  juveni le  t o  the  a d u l t  
phase of t he  l i f e  cyc le  i s  very high. Under favorable  
condi t ions ,  i nd iv idua l s  may go from seed t o  reproduct ive maturi ty  
i n  a  s i n g l e  year .  A l l  popula t ions  sampled were s t a b l e  and 
reproducing. 
The reproduct ive  p a t t e r n  of P. mollissima promotes both 
allogamy and autogamy al though s e l f i n 2  is favored. A high degree 
of s e l f -  compa t ib i l i t y  i s  ind ica t ed ,  a l though autogamy occurs  i n  
low frequency i n  t h e  ,absence of p o l l i n a t o r s ,  which a r e  
p r i n c i p a l l y  e x o t i c  i n s e c t s .  P o l l i n a t o r  e f f i c i e n c y  i s  q u i t e  low, 
however 0 ) .  P a s s i f l o r a  mollissima e x h i b i t s  continuous growth 
and reproduct ion i n  Fiawai' i; both ind iv idua l s  and populat ions a r e  
asynchronous. Seasonal d i f f e r ences  i n  behavior a r e  r e f l e c t e d  i n  
the  r e l a t i v e  magnitude of ac . t iv i ty  throughout t h e  year. Peak 
a c t i v i t y  of reproduct ive phases tends t o  be concentrated i n t o  a 
s i n g l e  annual per iod while growth i s  l e s s  seasonal .  A l l  phases 
s f  f lowering a r e  concentrated i n  t he  d r i e r  summer months 
( y a y - A U ~ . ) ,  f r u i t i n g  i n  t h e  wet winter  months (~ec.-Yar.) . No 
s t rong  c o r r e l a t i o n s  were found between c l i m a t i c  v a r i a b l e s  and 
phenological a c t i v i t y ,  however. 
The r e l a t i v e  shade to le rance  of P. mollissirna and i t s  mode 
of establ ishment  i n  closed-canopy f o r e s t s  of Hawai ' i  was s tudied  
using a s e r i e s  of shade l e v e l s  under both n a t u r a l  and a r t i f i c i a l  
condi t ions .  Net a s s i m i l a t i o n  r a t e s  and r e l a t i v e  growth r a t e s  
i nc rease  wi th  increas ing  l i g h t  i n t e n s i t y .  Optimal growth occurs  
i n  f u l l  sun (1 90% RLI) . In te rmedia te  l e v e l s  of shade (2-1 4% RLI) 
induce e t i o l a t i o n  and r e s u l t  i n  r ap id  he igh t  growth. G r e a t e s t  
shade to l e rance  is  exhib i ted  a t  these  in te rmedia te  i n t e n s i t i e s .  
A t  very low l i g h t  l e v e l s  (0 ,>35% RLI) growth i s  seve re ly  
r e s t r i c t e d  and some ind iv idua l s  a r e  r e g u l a r l y  below t h e  
compensation po in t .  
As growth is  propor t iona l  t o  l i g h t  i n t e n s i t y ,  t he  magnitude 
of  a d i s tu rbance ,  o r  gap s i z e ,  has a  d i r e c t  e f f e c t  on the  r a t e  
and p a t t e r n  of establ ishment .  Following a  d is turbance ,  i nc reases  
i n  cover and biomass of P. mollissima a r e  propor t iona l  t o  l e v e l s  
of canopy d is turbance  azd a s soc i a t ed  higher  l i g h t  i n t e n s i t i e s .  
Density i s  n o t  propor t iona l  t o  t he  amount of biomass and cover 
present .  The rap id  and synchronous co lon iza t ion  of p l o t s  under 
condi t ions  of 130% canopy removal a l s o  sugges ts  t h a t  d i s turbance  
s t imu la t e s  t h e  germination of seeds p re sen t  i n  t he  soil.. From 
these  da t a  it is  concluded t h a t  a l though closed-canopy f o r e s t s  i n  
Sawa i ' i  a r e  not  optimal h a b i t a t s  they a r e  nonethe less  suscep t ib l e  
t o  invasion and i n f e s t a t i o n  by t h i s  e x o t i c  v ine ,  fol lowing 
r egu la r  canopy d is turbance .  
CHAPTER ONE 
LTTFRATURE REVIEW 
INTRODUCTION 
Seve ra l  s t u d i e s  of na t ive  Hawaiian r a i n  f o r e s t  communities 
( ~ u e l l e r - ~ o m b o i s  e t  a l .  13'31 ; Burton and Mueller-Dombois i n  
p re s s )  have shown t h a t  t h e i r  c h a r a c t e r  d i f f e r s  from those i n  t h e  
v a s t  Indo-Malaysian and South American r a i n  f o r e s t  b e l t  ( ~ i c h a r d s  
1352; Whitmore 1975).  The r e l a t i v e  i s o l a t i o n  of the i s l a n d s  has  
r e s u l t e d  i n  a number of f l o r i s t i c  gaps ( ~ a r l ~ u i s t  1.330). F o r e s t s  
i n  Hawa i t i  have a lower s p e c i e s  d i v e r s i t y  when compared wi th  
c o n t i n e n t a l  a s s o c i a t i o n s .  A common l i f e  form which i s  poorly 
represen ted  is  the  c l imbers ,  p a r t i c u l a r l y  l i a n a s  o r  woody v ines .  
Though s e v e r a l  examples of l a r g e  n a t i v e  c l imbers  a r e  found i n  
upland f o r e s t e d  areas--e. g., F re  c i n e t i a  s rbo rea  Gaud. ( ' i e '  i e )  , 
Alyxia ol ivaeforrnis  Gaud. l a x  sandwicensis Kunth. 
-uahiwi), Ipomea congesta  (Burm . ) Merr. 
(koal i - 'awania)-- they a r e  seldompseen p r o l i f e r a t i n g  i n  t h e  upper 
canopy l a y e r s ,  u susa l ly  comprising l e s s  than one percent  of t h e  
t o t a l  ground cover  ( ~ u e l l e r - ~ o m b o i s  e t  a l .  1981 ). Some 
introduced c l imbers ,  p a r t i c u l a r l y  t h e  a r o i d s ,  Scindapsus spp. and 
Philodendron spp.,  a r e  f r equen t  i n  e x o t i c  f o r e s t  p l a n t a t i o n s  b u t  
do n o t  s u c c e s s f u l l v  invade nearby n a t i v e  f o r e s t s .  9 t h e r  
exotics--e.g., ~ a s s i f i o r a  e d u l i s  ~ i m s :  
J u s s .  ( lemi-wai? . Paeder ia  f o e t i d a  L.  . - , r 
found i n  abundance i n  some d i s tu rbed  upland a r e a s ,  b u t  no o t h e r  
woody v ine  can be found i n  t h e  f o r e s t  today i n  such abundance and 
v igo r  a s  t h e  aggress ive  e x o t i c ,  P a s s i f  l o r a  moll iss ima ( ~ B K .  ) 
Bailey.  
P a s s i f l o r a  moll iss ima,  known l o c a l l y  a s  banana poka, i s  
p r o l i f e r a t i n g  i n  mid and high e l e v a t i o n  f o r e s t s  on t h e  i s l a n d s  of 
Hawai1 i and Kaua ' i .  From the  c e n t e r s  of  i n t roduc t ion  by man, 
popula t ions  a r e  cont inuously extending t h e i r  range ,  a ided  
p r i n c i p a l l y  by f e r a l  p i g s ,  (@ s c r o f a  L. ) , t h e  ch i e f  d i s p e r s a l  
agent  i n  Hawai1 i (wong 1371 a; G i f f i n  1972; Baker 1975).  
T n f e s t a t i o n s  range from few i n d i v i d u a l s  wi th  smal l  cover ,  i n  t h e  
'Ola l  a Rain F o r e s t ,  t o  e s s e n t i a l l y  pure s t a n d s ,  comprising a 
ma jo r i t y  of t h e  biomass and near ly  one hundred pe rcen t  cover i n  
t h e  Laupahoehoe s e c t i o n  of the  H i l o  F o r e s t  Reserve. These l a t t e r  
i n f e s t a t i o n s  have r e s u l t e d  i n  d e c l i n i n g  s t a n d s  of  n a t i v e  
'ohi 'a-koa ( ~ e t r o s i d e r o s  c o l l i n a  (J .  R .  and 2.   ors st.) 
n 
=ray--Acacia koa ~ r a ~ )  f o r e s t s  and l i t t l e  reproduct ion  of a l l  
canopy t r e e  spec i e s .  The n e c e s s i t y  f o r  c o n t r o l  of  t h i s  
aggress ive  s p e c i e s  has  been recognized by f e d e r a l  and s t a t e  
agenc ies  ( ~ a ~ a w a  1972; Wong 1373; Tamura 1973a; Anonymous 1379; 
Skolmen 1979) . 
The fo l lowing  paper reviews t h e  r o l e  of v i n e s  i n  t r o p i c a l  
f o r e s t  ecosystems and t h e  autecology of - P.  mollissirna i n  i t s  
n a t i v e  range ( sou th  ~ m e r i c a )  and a r e a s  where it has been 
introduced as 3n ornamental o r  a f r u i t  crop. The l i t e r a t u r e  
pe r t a in ing  t o  t h i s  spec ies  i n  Hawai ' i  is reviewed sepa ra t e ly .  
TYE ROLE OF LIANAS IN Ta3PICAL FOREST EC9SYSTE:qS 
"Me s tand  wonderstr~wk and he lp l e s s ;  without  a man-made 
path t h e r e  is no access  i n t o  the  f o r e s t .  I ts  margin i s  
l i k e  a  wal l  bound by l i a n a s  i n  a l l  d i r e c t i o n ,  and 
covered with leaves of every poss ib l e  hues of 
green. Nat ives  a r e  s e n t  ahead t o  c u t  a  pa th  with handy 
heavy-bladed kn i f e s  c a l l e d  machetes, while we r e s t  i n  
t h e  shade. The l i a n a s  a r e  most impressive,  some t h i n  
a s  a  p e n c i l ,  some woody and t h i c k  a s  a  man's wa i s t ,  
hundreds of meters long, entwining the  t r e e s  i n  
coun t l e s s ,  i r r e g u l a r  c o i l s  i n  search  of l i g h t  i n  t he  
canopy of leaves." ( ~ a c i b o r s k i  1924, i n  Sza fe r  1975) 
One of t h e  most s t r i k i n g  f e a t u r e s  of t he  lowland t r o p i c a l  
r a i n  f o r e s t  is  t h e  abundance and immensity of climbing p l a n t s  
found t h e r e i n .  The climbing h a b i t  has evolved repea ted ly  i n  
d iverse  t a x a  of the  p l a n t  kingdom; nea r ly  f i f t y  percent  of a l l  
higher  p l a n t  f a m i l i e s  conta in  cl imbers  ( ~ c h e n c k  1592, i n  Richards 
1952). Fami l ies  conta in ing  a l a r g e  percentage of v ines ,  such a s  
t h e  Apocynaceae, Bignoniaceae, Leguminosae, Menispermaceae, 
Pas s i f lo raceae  and Rubiaceae, a r e  o f t en  p r i n c i p a l l y  t r o p i c a l  i n  
d i s t r i b u t i o n .  I n  reviewing t h e  taxonomic d i s t r i b u t i o n  of 
climbing spec i e s ,  Penalosa (1376) noted t h a t  sage f a m i l i e s  
predominantly con ta in  climbing genera,  sugges t ing  t h a t  t h e  
"development of the  h a b i t  phylogenet ica l ly  preceded gene r i c  
evolut ion."  Other f a m i l i e s  a r e  composed of r e l a t i v e l y  few 
climbing genera and spec i e s ,  denot ing gene r i c  evolu t ion  p r i o r  t o  
t he  appearance of scandent members. The occurrence of e r e c t  
members i n  an otherwise climbing taxa  was i n t e r p r e t e d  by Schenck 
(1892, i n  Richards 1952) a s  represent ing ,  i n  those spec i e s ,  s 
l o s s  of t he  a b i l i t y  t o  climb. These a s p e c t s  of the  taxonomy of 
climbing spec i e s  i n d i c a t e  t h a t  t he  evolu t ion  of t he  climbing 
h a b i t  i s  an  anc ien t  y e t  ongoing phenomenon. 
Although n o t  always c l e a r l y  d i f f e r e n t i a t e d ,  two major 
eco log ica l  groups of c l imbers  may be de l imi ted  by t h e  s t r a t a  i n  
which they  mature and t h e i r  photosynthet ic  s t r a t e g i e s  ( ~ i c h a r d s  
1352; Grubb e t  a l .  1963). Understory o r  sk iophyt ic  (shade 
p l an t s )  c l imbers ,  o f t en  have small ,  herbaceous stems and climb by 
means of  modified roo t s .  No d i s t i n c t  crown i s  formed, r a t h e r ,  
l eaves  a r e  produced along the  t runk of t h e  hos t  t r e e .  
Heterophylly i s  a common f e a t u r e  of many members. Lianas (woody 
climbers) may 3 l so  be r e s t r i c t e d  t o  t he  understory.  Shade 
t o l e r a n t  a t  ma tu r i t y ,  skiophytes  remain i n  t h e  understory and 
p lay  a  very minor r o l e  i n  t h e  s t r u c t u r e  and economy of t he  
community ( ~ i c h a r d s  1952; Grubb e t  a l .  1963; Madison 1377).  
Typical members include many of the  p te r idophyte  cl imbers  and t h e  
monocotyledons, p a r t i c u l a r l y  t he  Araceae. 
I n  c o n t r a s t ,  t h e  photophytic (sun p l an t )  c l imbers  a r e  more 
o f t e n  woody. Although they may be shade t o l e r a n t  a s  juveni les ,  
a d u l t s  t y p i c a l l y  a r e  found i n  t he  f u l l  sun of the upper canopy 
l a y e r s  o r  f o r e s t  openings where they form a d i s t i n c t  crown. 
Lianas tend t o  e x h i b i t  g r e a t e r  morphological s p e c i a l i z a t i o n s ,  
including the  development of t e n d r i l s .  Th i s  highly evolved organ 
al lows f o r  an  even g r e a t e r  economy of stem ma te r i a l ,  by 
support ing t h e  l i a n a  stem, and i n d i v i d u a l s  o f t e n  climb t o  g r e a t  
he ights .  Some photophytic cl imbers  a r e  important s t r u c t u r a l  
components of mature undisturbed f o r e s t s ;  o t h e r s  a r e  more 
c h a r a c t e r i s t i c  of secondary growth f o r e s t s .  The remainder of 
t h i s  s e c t i o n  w i l l  p r i n c i p a l l y  review the  l i t e r a t u r e  pe r t a in ing  t o  
woody, photophytic cl imbers .  
Morphological and Phys io logica l  Adaptat ions of Lianas 
The a r c h i t e c t u r e  of l i a n a s  is uniquely s t r u c t u r e d  t o  meet 
t h e  demands of t h e i r  p a r t i c u l a r  hab i t .  L i t t l e  biomass is 
a l l o c a t e d  t o  suppor t ing  t i s s u e s .  The use of a  h o s t  t r e e  f o r  
mechanical support  has  allowed l i a n a s  t o  e x p l o i t  t he  g r e a t e r  
l i g h t  i n t e n s i t i e s  found i n  the  upper canopy. Commonly a  s i n g l e  
unbranched stem ascends i n t o  the  canopy  ones and Gray 1977).  
The cable- l ike  cons t ruc t ion  of stems, cha rac t e r i zed  by s c a t t e r e d  
vascu la r  bundles surrounded by thin-walled s to rage  parenchyma o r  
anomalous secondary growth p a t t e r n s  i n  which thick-walled f i b e r s  
and t r achea ry  elements a r e  embedded i n  thin-walled c e l l s ,  
provides f l e x i b i l i t y  with cons iderable  t e n s i l e  s t r e n g t h  (Richards 
1952; Esau 1377) .  The copious amount of s torage  parenchyma i n  
stems al lows f o r  longevi ty ( ~ i c h a r d s  1352).  These d i s t i n c t i v e  
anatomies may r ep resen t  gross  s t r u c t u r a l  changes, b u t  o f t e n  
adap ta t ions  a r e  simply q u a n t i t a t i v e  changes from one of t he  b a s i c  
types  of a r c h i t e c t u r e  found i n  t r e e s  ( ~ a l l e  e t  a l .  1978). 
Although o t h e r  l i f e  forms, such a s  ep iphytes ,  hemi-epiphytes and 
s t r a n g l e r s  employ s i m i l a r  " s t r a t e g i e s "  of mechanical dependence, 
none have been a s  succes s fu l  a s  l i a n a s  ( ~ i c h a r d s  1952).  
Lianas gene ra l ly  p r o l i f e r a t e  fol lowing d is turbance ,  
i nc reas ing  i n  abundance, v igo r ,  l e a f  a r ea  and biomass with 
inc reas ing  l i g h t  i n t e n s i t i e s  ( ~ i c h a r d s  1952; Fogge 1950; Jones 
and Gray 1977); t h i s  response may be considered an expression of 
he l ioph i ly  ( love of t he  sun) .  Calcu la ted  growth r a t e s  and t h e  
s c a r c i t y  of i nd iv idua l s  i n  in te rmedia te  he ight  c l a s s e s  i n d i c a t e  
t h a t  l i a n a s  quickly reach the  canopy, where increased  i r r a d i a n c e s  
s t imu la t e  profuse branching and reproduct ion (Richards 1952; 
Brender 1951 ; Janzen 1971 ; Choudhury 1372) . Nany l i a n a s  appear 
unable t o  f lower  un le s s  subjec ted  t o  high l i g h t  i n t e n s i t i e s  
( ~ i c h a r d s  1952; Penfound 1365; B r e t e l e r  1373). 
The pos i t i on ing  of a  major i ty  of the  t r a n s p i r i n g  phytomass 
i n  t h e  r e l a t i v e l y  a r i d  condi t ions  of t h e  upper canopy 
n e c e s s i t a t e s  t h e  t r a n s p o r t  of l a r g e  volumes of water through 
d i sp ropor t iona te ly  s l ende r  s tcrns ( , ~ a n z e n  1374; Croat  1975) . I n  
t h e  predominantly climbing P a s s i f l o r a c e a e ,  Ayensu and S t e r n  
(1361) and C a r l q u i s t  (1 375) found t h a t  scandent members possess  
r ;pecial izat ions--e .g,  wider vesse l  diameters ,  simple pe r fo ra t ion  
p l a t e s ,  and a high proport ion of condunting t o  suppor t ing  
fibers--which reduce xylem r e s i s t a n c e s ,  the reby  al lowing 
acce l e ra t ed  r a t e s  of upward water and s o l u t e  t r ans loca t ion .  
Dimorphism and the  Evolut ion of the Climbing Nabit  
The c l a s s i f i c a t i o n  of a p a r t i c u l a r  taxon a s  a t r e e ,  shrub o r  
v ine  i n  some cases  r e f l e c t s  a c h a r a c t e r i s t i c  morphology which is 
observable i n  most members; i n  o t h e r s ,  it merely r e v e a l s  man's 
cont inua l  i n a b i l i t y  t o  c r e a t e  abso lu t e  c a t e g o r i e s  i n t o  which a l l  
of na ture  can f i t .  There e x i s t  many t r a n s i t i o n a l  s t a g e s  between 
" t rue  l i a n a s "  and independent p l a n t s ,  inc luding  weak-stemmed 
t r e e s ,  scandent  shrubs and hemi-epiphytes ( ~ i c h a r d s  1352) . I n  
some c l imbers ,  t he  h a b i t  is f s c u l t a t i v e  and the  same spec i e s  may 
have s e v e r a l  growth forms ( ~ a l l e  t  a l .  1979). 
I n  searching  h i s t o r i c a l  and contemporary l i t e r a t u r e  i n  
botany and h o r t i c u l t u r e ,  one msy f i n d  t h e  same taxon va r ious ly  
descr ibed by d i f f e r e n t  authors:  d i f f e r e n t  terminologies  a r e  o f t e n  
used by exp lo re r s ,  b o t a n i s t s  and h o r t i c u l t u r a l i s t s  t o  desc r ibe  
taxa  and record observat ions.  The fol lowing example i l l u s t r a t e s  
t h i s  po in t :  Podranea bryce i  (N .E,Br.) Sprague, a woody p l a n t  from 
South Af r i ca ,  has  been var ious ly  descr ibed  a s  a subshrub, shrub,  
scandent undershrub, climbing shrub,  showy climber and small t r e e  
( ~ e n n i n g e r  1970),  suggest ing t h a t  it is an  extremely p l a s t i c  
spec ies .  
I n  h i s  review of the  l i t e r a t u r e  on climbing p l a n t s ,  Penalosa 
(1976) n o t e s  t h a t  complex growth p a t t e r n s  commonly occur  i n  
vines.  For  sk iophyt ic  c l imbers ,  t h i s  is usua l ly  manifested a s  
heterophylly bu t  may be accompanied by changes i n  stem morphology 
( s t rong  and Ray 1375; Madison 1977).  I n  c o n t r a s t ,  shoot  
polymorphism is more preva len t  i n  photophytic cl imbers  and 
r e fe rences  t o  heterophylly a r e  l e s s  common ( ~ a c o b s  1976).  
Most examples of complex growth d e a l  wi th  changes i n  form 
from a cl imber  t o  a shrub,  o r  t h e  r eve r se ,  r a t h e r  than 
d i f f e r e n c e s  i n  anatomy o r  morphology of t h e  shoots  themselves. 
With few except ions d i scuss ions  a r e  based upon observat ion r a t h e r  
than experimentat ion.  Jacobs  (1 375) however, no te s  t h a t  some 
l i a n a s  which have a s u f f r u t e s c e n t  form e x h i b i t  a vascular  anatomy 
comparable t o  e r e c t  l i f e  forms r a t h e r  than  t h e  i n t e r r u p t e d  
vascu la r  cy l inde r  c h a r a c t e r i s t i c  of c l imbers .  
Severa l  au tho r s  have remarked t h a t  young p l a n t s  of climbing 
spec i e s  tend t o  remain shrubby i n  open, w e l l - l i t  a r e a s  i n  t h e  
2bsence of support ing t r e e s ;  these  ind iv idua l s  may reach matur i ty  
and f lower i n  t h i s  condi t ion .  I n  shaded h a b i t a t s ,  t he  climbing 
form p r e v a i l s  ( ~ i c h ~ r d s  1952; Menninger 1970; Walter 1971 ) . For 
example, Mussaenda ery throphyl la  Schum. and Thonn., commonly 
-- 
c u l t i v a t e d  a s  a shrub,  becomes scandent i f  l i g h t  is  l i m i t i n g  
( ~ e n n i n ~ e r  1370 ) . The r e l s t i o n s h i p  between high 1 i g h t  i n t e n s i t y  
and s u f f r u t e s c e n t  growth does n o t  hold t r u e  f o r  a l l  spec i e s  
examined. I n  climbing members of the  Dichapetalaceae, s eed l ings  
which germinate i n  t h e  shade produce shrubby indiv idua ls ;  
scandent shoo t s  a r e  produced a t  higher  l i g h t  i n t e n s i t i e s  
( ~ r e t e l e r  1373). 
L ight  a lone  may con t ro l  t he  u l t ima te  growth form of l i a n a s ,  
b u t  it is  more probable t h a t  a  complex of f a c t o r s  a s soc i a t ed  with 
high l i g h t  i n t e n s i t i e s  is respons ib le .  P r i n c i p a l  among t h e s e  is 
p l a n t  water r e l a t i o n s .  Depending upon the  s i z e  of openings 
involved, w e l l - l i t  a r e a s  may be much d r i e r  than surrounding 
f o r e s t s .  The c o r r e l a t i o n  of high l i g h t  i n t e n s i t y  with drought 
condi t ions  is wel l -es tab l i shed ,  a s  is t h e  predominance of 
chamaephytes i n  d r i e r  habitats--e.g.  t he  mediterranean scrub  
associat ion--  (~aubenmi re  1374; Sza fe r  1975) . Observations by 
Jacobs  (1975) t h a t  t h e  shrub s t a g e  of growth i s  r e t a ined  by 
c e r t a i n  cl imbers  under d r i e r  condi t ions ,  support  t h i s  assumption. 
I n  t h e  predominantly climbing t r o p i c a l  family Dichapetelaceae,  
t h e  only non-climbing spec i e s  a r e  those found i n  a r i d  a r e a s  
( ~ r e t e l e r  1373).  The pe r s i s t ence  of t h e  shrub h a b i t  under high 
l i g h t  i n t e n s i t i e s  o r  water s t r e s s  may c o n s t i t u t e  a  d i r e c t  
phys io logica l  response t o  changes i n  environmental condi t ions;  
fast-growing, climbing shoots  may n o t  be produced when t h e  
abso lu t e  growth r a t e  f a l l s  below a c r i t i c a l  l eve l .  
Severa l  au tho r s  cons ider  t h e  ex i s t ence  of two growth h a b i t s  
i n  l i a n a s  i n d i c a t i v e  of a  d i s c r e t e  juveni le  phase i n  t he  l i f e  
cyc le  which is  cha rac t e r i zed  by d i f f e r e n c e s  i n  morphology and 
physiology ( ~ o b b i n s  1957; Cremers 1973, 1974; Greulach 1373) . 
These s t u d i e s  employed experimental methods r a t h e r  than 
observa t ion  a lone ,  b u t  a r e  few i n  number. I n  t h e  Engl i sh  I v y  
( ~ e d e r a  h e l i x  L .) , a temperate woody v ine ,  juveni le  p l a n t s  have 
f l e x i b l e ,  t r a i l i n g  stems, palmate leaves  and a r e  purely 
vege ta t ive .  The a d u l t  s t a g e ,  occurr ing  in f r equen t ly ,  has a  
shrubby appearance with r i g i d ,  woody stems and ovate  leaves  and 
normally produces abundant f lowering shoots  ( ~ o b b i n s  1957; 
Greulach 1373).  These changes a r e  con t ro l l ed  by g i b b e r e l l i n s .  
I n  t hese  s t u d i e s ,  juveni le  g r a f t s  produced only juveni le  shoots  
while  a d u l t s  produced mature branches. Spontaneous revers ion  t o  
t he  juveni le  s t a t e  was r a r e .  
A more comprehensive s tudy of vine a r c h i t e c t u r e  was c a r r i e d  
ou t  by Cremers (1 973,1974). Twenty spec i e s  of Afr ican r a i n  
f o r e s t  l i a n a s  were grown from seed and t h e i r  growth p a t t e r n s  
recorded. Resu l t s  showed the  ex i s t ence  of two d i s t i n c t  growth 
phases i n  t he  cl imbers  examined. J u v e n i l e s  were non-climbing and 
s t e r i l e ;  a d u l t s  climbing and reproduct ive.  These s t a g e s  could be 
d i s t i ngu i shed  by d i f f e r e n c e s  i n  growth r a t e ,  l e a f  s i z e  and shape, 
internode length  and reproduct ive capac i ty .  The dec i s ion  a s  t o  
whether these  conclusions a r e  gene ra l ly  app l i cab le  t o  l i a n a s  must 
await  f u r t h e r  comprehensive s t u d i e s  of t h i s  s o r t .  
Complex growth i n  v ines  may simply be an  expression of 
paedomorphosis bu t  i n  many cases  appears  t o  be a  more complex 
phenomenon. The shrub phase of climbing s p e c i e s  may r ep re sen t  a 
g e n e t i c a l l y  c o n t r o l l e d  adap ta t i on  t o  a varying environment o r  be 
i n t e r p r e t e d  a s  t h e  r e t e n t i o n  of a s t a g e  i n  its evolu t ionary  
h i s to ry .  
Before l eav ing  the  s u b j e c t  of complex growth forms, it 
should be noted t h a t  an ab rup t  change i n  form wi th  age, known a s  
habi t -he te roblas t i sm,  occurs  i n  a smal l  group of Xew Zealand 
t r e e s  and shrubs.  P l a n t s  begin l i f e  a s  shrubs  and a t  a 
p a r t i c u l a r  p o i n t  i n  t ime ,  from s e v e r a l  yea r s  t o  decades l a t e r  
depending on t h e  s p e c i e s ,  become arborescent .  I n  t h i s  same 
manner, t r e e s  may a l s o  become s u f f r u t e s c e n t  wi th  i nc reas ing  age 
( p h i l i p s o n  1955).  T h i s  phenomenon p a r a l l e l s  t h e  
shoot-polymorphism of v ines  i n  s e v e r a l  no t ab l e  ways: 
1 .  These phenomena a r e  no t  r e s t r i c t e d  taxonomically 
b u t  occur i n  a v a r i e t y  of p l a n t  f ami l i e s .  
2.  Endogenous a s  wel l  a s  exogenous f a c t o r s  a r e  
be l ieved  t o  be involved. 
3 .  Changes i n  shoot  morphologies a r e  sometimes, though 
n o t  always, accompanied by he te rophyl ly .  
P l a n t s  wi th  " juveni le"  morphologies may be reproduct ive.  
5. The shrub l i f e  form is found both i n  w e l l - l i t  and 
shaded h a b i t a t s .  
5 .  Morphological d i f f e r e n c e s  may be accompanied by 
changes i n  anatomical  f e a t u r e s ,  p a r t i c u l a r l y  i n  t h e  
xylem. 
D i s t r i b u t i o n  
I n  one of  t h e  e a r l i e s t  and most comprehensive works on 
v ines ,  Schenck (1592, i n  Richards 1352) noted t h a t  a l though 
cl imbers  a r e  a f e a t u r e  of most p l a n t  communities where suppor t ing  
t r e e s  a r e  found, n e a r l y  n ine ty  percent  o f  a l l  climbing s p e c i e s  
occur i n  t h e  warm, humid t r o p i c s .  Pu t z  (1982) ,  noted however 
t h a t  t h e  s p e c i e s  r i chnes s  of a l l  p l a n t s  is gene ra l l y  g r e a t e r  i n  
t r o p i c a l  a r e a s ,  sugges t ing  t h a t  t h e  percentage of c l imbing 
s p e c i e s  may no t  be exces s ive ly  high. 
I n  a n  a t tempt  t o  exp la in  t h e  d i s t r i b u t i o n  of c l imbers ,  
s e v e r a l  au tho r s  concluded t h a t  t he  s t r a t e g y  of  he l iophy t i c  l i a n a s  
c r e a t e s  problems of  water s t r e s s ,  t h u s  l i m i t i n g  t h e i r  
d i s t r i b u t i o n  t o  humid environments ( ~ i c h a r d s  1952; Gessner 1955; 
Croat  1975). A d i f f e r e n t  approach t o  t h e  problem l e d  Janzen 
(1374) t o  conclude t h a t  n u t r i e n t  poor s o i l s  determine t h e  
d i s t r i b u t i o n  of v ines .  He s t a t e s :  
"The success  of t he  v ine  l i f e  form c l e a r l y  depends on i t s  
a b i l i t y  t o  grow r a p i d l y  i n  length.  The biomass of v ines  i s  
d i sp ropor t i ona t e ly  reduced i n  t r o p i c a l  h a b i t a t s  where t h e  
abso lu t e  growth r a t e  is reduced f o r  a l l  p l a n t s ,  such a s  a t  
e l e v a t i o n s  above about  ?900 t o  2500 rn, and i n  dese r t s . "  
.Janzen's conc lus ions  a r e  drawn from h i s  review of p roduc t iv i t y  on 
white  sand s o i l s  i n  t r o p i c a l  regions.  C l a s s i f i e d  a s  podsols  o r  
spodosols ,  t h e s e  s o i l s  a r e  c h a r a c t e r i s t i c a l l y  h igh ly  leached,  
n u t r i e n t  poor s o i l s  wi th  low p roduc t iv i t y  ( ~ r a d ~  137$) and 
no tab l e  i n  t h e  absence of fast-growing l i f e  forms such a s  l i a n a s  
and annuals  ( ~ a n z e n  1974).  I n  t he se  h a b i t a t s ,  l i a n a s  a r e  s c a r c e  
a t  f o r e s t  edges and c l e a r i n g s ,  where they t y p i c a l l y  show t h e i r  
g r e a t e s t  concent ra t ions .  Richards (1952) a l s o  noted t h e  gene ra l  
absence of  l i a n a s  i n  t h e  coarse  white sand s o i l s  of Guiana b u t  
a t t r i b u t e d  t h i s  t o  t h e  v ines1  i n a b i l i t y  t o  t o l e r a t e  t he  excess ive  
r a t e s  o f  evapora t ion  i n  t h e  understory.  The pauc i ty  of c l imbers  
i n  white sand caa t inga  vege t a t i on  of Venezuela (pu t2  i n  ~ r e s s )  
f u r t h e r  suppor t s  J a n z e n l s  hypothesis .  
I n  st i l l  o t h e r  ca se s ,  e f f i c i e n t  r a t e s  of water conduction 
al low v ines  t o  p r e v a i l  i n  d r i e r ,  more seasona l  h a b i t a t s .  I n  h i s  
work on t h e  d i s t r i b u t i o n  of t he  Bignoniaceae i n  T rop ica l  America, 
Gentry (1975) found t h a t  t h e  abso lu t e  d e n s i t y  of v ines  was 
g r e a t e r  i n  d r i e r  environments. These r e s u l t s  agree  wi th  t h e  
conc lus ions  of  Holdridge e t  a l .  (1975) ,  a l s o  working i n  T rop ica l  
America, who pointed o u t  t h a t  l i a n a s  were most abundant and 
conspicuous i n  semi-deciduous lowland f o r e s t s .  
The Ecologica l  Role of L ianas  i n  T rop ica l  F o r e s t  Ecosystems 
Primary F o r e s t s  
T rop ica l  r a i n  f o r e s t s  e x h i b i t  a  h igh  degree of s t r u c t u r a l  
d i v e r s i t y .  The dense, mult i - layered canopies  c h a r a c t e r i s t i c  of 
most lowland t r o p i c a l  r a i n  f o r e s t s  a r e  l a r g e l y  an  express ion  of 
t h e  i n t e n s e  competi t ion f o r  a l i m i t e d  amount of l i g h t .  I n  
reviewing t h e  l i g h t  regimes of t r o p i c a l  f o r e s t s ,  Burton (1 9800) 
noted t h a t  i r r a d i a n c e s  measured on f o r e s t  f l o o r s  averaged only 
1.5 pe rcen t  of  those  under s i m i l a r  open condi t ions .  Whereas 
evo lu t ion  has  favored t h e  development of t h e  a rbo re scen t  h a b i t ,  
evidenced by t h e  dominance of t r e e s  i n  t he se  environments, t h e  
climbing h a b i t  evolved a s  a h igh ly  compet i t ive  adapta t ion .  
Although a d u l t  l i a n a s  a r e  fewer i n  number than trees, they p lay  
an e s s e n t i a l  r o l e  i n  t h e  s t r u c t u r e  and i n t e g r i t y  of t he  climax 
f o r e s t  community. 
According t o  Richards (1952), " i n  undis turbed r a i n  f o r e s t  of 
normal d e n s i t y ,  l i a n e s ,  though always p re sen t ,  a r e  never  
exceedingly common. They only become abundant enough t o  impede 
progress  i n  w e l l - l i t  places.I1 However, i n  a  s ea sona l ly  d ry ,  
semideciduous monsoon f o r e s t  i n  Asia,  c l imbers  comprised 
approximately t e n  percent  of t h e  t o t a l  f o r e s t  biomass and nea r ly  
f o r t y  pe rcen t  of the  t o t a l  measured l ea f  biomass, s i g n i f i c a n t l y  
a f f e c t i n g  primary p r o d u c t i v i t y  i n  t he  a r a a  (ogawa e t  a l .  1965 
a , b ) .  I n  a t r o p i c a l  r a i n  f o r e s t  on n u t r i e n t  poor s o i l  i n  
Venezuela, Pu tz  ( i n  p re s s )  found t h a t  l i a n a s  comprised only f o u r  
pe rcen t  of t h e  t o t a l  above-ground biomass (1 5.7 tons /hec ta re )  b u t  
23 pe rcen t  of  t h e  t o t a l  l e a f  a r ea .  Lianas may a l s o  s i g n i f i c a n t l y  
c o n t r i b u t e  t o  t h e  s p e c i e s  r i chnes s  of t r o p i c a l  f o r e s t s ,  
c o n s t i t u t i n g  twenty percent  of the  spec i e s  p re sen t  i n  a  given 
a r ea  ( ~ e n a l o s a  1375).  
Vines occur i n  a l l  s t a g e s  of f o r e s t  succession,  b u t  o f t en  
the  same spec i e s  does no t  r egu la r ly  occupy more than one s t a g e  of 
succession ( ~ i e w  1971a,b; Budowski 1955; Benson 1973).  Community 
a n a l y s i s  sugges ts  t h a t  two groups of photophytic cl imbers  occur,  
namely e a r l y  success iona l  c l imbers  and forest-dwell ing o r  climax 
member l i a n a s .  Although growth and reproduct ion of both groups 
is gene ra l ly  g r e a t e s t  under high l i g h t  i n t e n s i t i e s ,  t h e i r  
r e l a t i v e  shade to l e rances  i n  t he  e a r l y  s t a g e s  of growth s e t  them 
a p a r t  eco log ica l ly  and determine t h e i r  dens i ty  and d i s t r i b u t i o n  
i n  space and time. Members of the  f i r s t  group may be herbaceous 
o r  woody. Obl iga te  he l iophytes ,  they cannot t o l e r a t e  deep shade 
a t  any s t a g e  of t h e i r  l i f e  cycle.  Leaves a r e  r e t a ined  along the  
e n t i r e  shoot  and ind iv idua l s  a r e  f r equen t ly  shrubby bu t  may climb 
t o  he igh t s  of 29 m o r  more, These spec i e s  a r e  a s soc i a t ed  with 
secondary success iona l  a r e a s  such a s  f o r e s t  margins, l a r g e  gaps, 
wstercourses ,  and c l e a r i n g s ,  where they form dense s tands.  Many 
P s s s i f l o r a  spp. belong t o  t h i s  group. The second group a r e  
f a c u l t a t i v e  sc iophytes ,  gene ra l ly  "woody" ( inc lud ing  some 
monocotyledons), have a shade t o l e r a n t  j uven i l e  s t a g e  and i n h a b i t  
t he  i n t e r i o r  of c losed  canopy climax f o r e s t s .  Upon reaching 
higher  l i g h t  i n t e n s i t i e s ,  they  respond by branching profusely.  
Lower leaves  a r e  n o t  r e t a ined  once the  canopy is reached 
(Richards 1952: Jones  and Gray 1977).  
Much of t he  biomass of l a r g e r  l i a n a s  is found i n  t h e  upper 
canopy l a y e r s  where it may be l a r g e l y  impercept ible   r render 
1351 ; Janzen 1371 ; Choudhury 1972). I n  t h e  mid t o  lower s t r a t a s  
(B s t o r y  of Richards 1952) h ighly  branched l i a n a s  o f t e n  form a 
closed canopy wi th  nearby t r e e s  through which t h e  emergents 
p r o j e c t  ( ~ o g ~ e  1950; '+!alter 1371).  Richards (1952) noted t h a t  
t he  inc rease  i n  canopy coherence furn ished  by l i a n a s  l eads  t o  
g r e a t e r  amounts of shade c a s t  on t h e  f o r e s t  f l o o r ,  s t a b i l i z i n g  
the  microclimate.  I n  c o n t r a s t ,  Ogawa e t  a l .  (1 965b) found t h a t  
t he  o v e r a l l  s tanding  biomass i n  a  sample of  t h e  Asian monsoon 
f o r e s t  was s t a b l e  a t  car ry ing  capac i ty  and independent of t he  
r e l a t i v e  d e n s i t i e s  of climbing and arborescent  spec i e s ,  
suggest ing t h a t  t o t a l  cover  may not  increased  by t h e  presence of 
l i a n a s  i n  t h e  f o r e s t ,  a s  suggested by Richards.  Rather ,  l i a n a s  
compete d i r e c t l y  with t r e e s ,  rep lac ing  an  equiva len t  amount of 
biomass ( l e a f )  . 
A s i g n i f i c a n t  impact of vines on f o r e s t  s t r u c t u r e  is t h e  
reduct ion  i n  l ea f  biomass of c e r t a i n  t r e e s  a s  a  r e s u l t  of shading 
by l i a n a  canopies.  A l e s sen ing  of t h e  r a t i o  of support  t o  
dependent biomass lowers t he  photosynthe t ic  capac i ty  of t he  hos t  
t r e e ;  v igo r  is adverse ly  a f f e c t e d  and premature dea th  of hea l thy  
t r e e s  may r e s u l t .  I n  t h i s  manner, success ion  may be acce l e ra t ed  
even though the  t o t a l  biomass is s t a b l e    ebb 1958; Ogawa e t  a l .  
1965a,b; Penfound 1955).  The hos t  t r e e ' s  photosynthe t ic  a r ea  is 
a l s o  decreased when the  weight of l i a n a s  breaks l a rge  t r e e  
branches, o f t e n  al lowing the  en t rance  of pathogens ( ~ o n g  1971 a; 
Lowe and Walker 1977).  Vines a l s o  promote the  co l l apse  of 
weakened o r  dead t r e e s ;  conversely they o f t en  t i e  t r e e  crowns 
toge the r ,  i nc reas ing  canopy coherence and prevent ing the  f a l l  of 
t r e e s  ¦* ones l95iJ,lCjTS; Fox 1968). I n  a  s tudy of t he  e f f e c t s  of 
l i a n a s  on t h e  growth, reproduct ion and spec i e s  composition of 
t r e e s  subsequent t o  gap formation,  Putz  (1982) found t h a t  l i a n a s  
g r e a t l y  increased  t r e e  m o r t a l i t y  r a t e s  and decreased diameter  
growth and regenera t ion  r a t e s  of canopy t r e e s .  Spec ie s  
composition ( t r e e s )  was a l s o  a f f ec t ed .  
Secondary F o r e s t s  
The r a p i d  growth of c l imbers  fol lowing d is turbance  t o  t h e  
canopy i s  a c h a r a c t e r i s t i c  f e a t u r e  of sunny, open s i t e s  and 
considered,  by some au tho r s ,  an expression of he l ioph i ly  i n  t h e s e  
spec i e s  ( ~ i c h a r d s  1952; Fogge 1950; Walter 1  971 ) . Canopy 
d is turbance  r e s u l t i n g  i n  h igher  l i g h t  i n t e n s i t i e s  on t h e  f o r e s t  
f l o o r  s t i m u l a t e s  t he  germination of seeds p r e s e n t  i n  the  s o i l  a s  
wel l  a s  t h e  r e l e a s e  of suppressed ind iv idua l s  ( ~ e i j e r  1970; Liew 
1973a; Jones  and Gray 1377).  Although t r o p i c a l  r a i n  f o r e s t s  
popular ly conjure  v i s i o n s  of dense l i a n a  c u r t a i n s  festooning t h e  
f o r e s t ,  t h i s  phenomenon is  l a r g e l y  r e s t r i c t e d  t o  success iona l  
a reas .  Openings c rea t ed  when a  canopy o r  emergent t r e e  f a l l s  and 
f o r e s t  edges ad j acen t  t o  roads,  c l e a r i n g s ,  r i v e r s  and s i m i l a r  
a r e a s  a r e  f r equen t ly  blanketed with the  growth of vines.  
Liana t h i c k e t s  r e p r e s e n t  a  p ioneer  o r  s e r a l  s t a g e  i n  
succession;  evidence gathered by workers throughout t r o p i c a l  
regions sugges t s  t h a t  succession f avor s  replacement of  t h e s e  
he l iophy t i c  s p e c i e s  ( ~ r e i g - s m i t h  l952a ,b; Dawkins 1961 ; Budowski 
1965; Gomez-Pompa e t  a l .  1972) .  The presence of l i a n a  t h i c k e t s  
following l a r g e  s c a l e  n a t u r a l  d i s turbances  a r e  a  r e g u l a r  f e a t u r e  
of a r e a s  where cyclones,  hur r icanes  and f i r e  a r e  r e c u r r e n t  and 
n a t u r a l  success ion  i s  held back by f r equen t  d i s turbances    ebb 
1358; Jones  and Gray 1977; Crow 1980).  Webb (1958) noted t h a t  
t h e  presence of dense l i a n a  t a n g l e s  i n  t he  Queensland r a i n  f o r e s t  
of Aus t r a l i a  was r e l a t e d  t o  p a s t  cyclone damage. The r e g u l a r  
occurrence of t h e s e  "cyclone scrubs" was dependent upon 
i n t e r m i t t e n t  d e f o l i a t i o n  of canopy t r e e s  by cyclones c r e a t i n g  
l a r g e  gaps i n  t h e  f o r e s t .  
Af t e r  s tudying gap s i z e  and r e l a t e d  spec i e s  composition, 
Poore (1 968) and Den8low (1380) concluded t h a t  l a rge  gaps were 
colonized by e a r l y  success iona l  spec i e s  while small  i s o l a t e d  gaps 
were quick ly  f i l l e d  by surrounding l a t e  suces s iona l  spec ies .  Gap 
s i z e  is  s t r o n g l y  c o r r e l a t e d  with p a s t  f o r e s t  d i s turbance  and 
f u t u r e  success iona l  p a t t e r n s .  Fundamental d i f f e r e n c e s  e x i s t  i n  
t he  environment c r ea t ed  by l a rge  and small  c l e a r i n g s ,  a f f e c t i n g  
the  d i f f e r e n t i a l  es tab l i shment  p r o b a b i l i t i e s  of ind iv idua ls .  Gap 
s i z e  is  dependent upon t h e  r a t e  and s c a l e  of a  d i s turbance  
regime; n a t u r a l  d i s tu rbances  i n  t he  f o r e s t  i n t e r i o r  most o f t e n  
lead t o  t h e  formation of gaps which a r e  small  i n  r e l a t i o n  t o  
p l a n t  s i z e .  Many p l a n t s  found i n  t hese  f o r e s t s  have l i f e  
h i s t o r i e s  adapted t o  t hese  d is turbances   enslo low 1380; Wallace 
and Dunn 1390).  Those l i a n a s  which a r e  a  r egu la r  f e a t u r e  of t he  
f o r e s t  i n t e r i o r  regenera te  i n  a  patchwork p a t t e r n ,  a f t e r  small  
gap invas ion ,  i n  a  s i t u a t i o n  l a r g e l y  analagous t o  many t r e e  
spec i e s  ( ~ r u b b  1977) . 
Successful  gap invas ion  involves  a complex of f a c t o r s  
inc luding  nearness  of pa ren t  t r e e  ( o r  v i n e ) ,  d i a p e r s a b i l i t y ,  
phenological  behavior ,  seed dormancy, v i a b i l i t y  and g e m i n a t i o n  
c h a r a c t e r i s t i c s ,  r e l a t i v e  shade to l e rances  and growth r a t e s .  
These f a c t o r s  vary i n  space and time. New spec ie s  combinations 
a r e  dependent upon t h e  spec i e s  p re sen t  a t  t h e  time of gap 
formation, t h e i r  s t a g s  i n  t h e  l i f e  cyc le  and i n t e r s p e c i f i c  
competit ion with invading spec i e s  ( ~ o o r e  1958; Liew 1374-a; Horn 
1371; Grubb 1977).  
Severa l  au tho r s ,  s tudying the  e f f e c t s  of logging on t r o p i c a l  
f o r e s t  regenera t ion ,  noted t h a t  many l i a n a s  cannot regenera te  i n  
t h e  shade of secondary success iona l  spec i e s  and a r e  dependent 
upon la rge-sca le  d i s tu rbances  f o r  populat ion maintenance (.Jones 
1955,1955; Fogge 1950; Nicholson 1965).  I n  t h e  same Aus t r a l i an  
f o r e s t s  where "cyclone scrubs" a r e  found, occas iona l ,  i s o l a t e d  
windthrows c r e a t e  small  gaps which a r e  r ap id ly  c losed  by t h e  
r e l e s s e  of suppressed t r e e  sap l ings .  The r e s u l t  i s  a c losed  
canopy f o r e s t  wi th  a normal. v ine  cover  i ebb 1958).  These 
f ind ings  agree  with those  of MacG~egor (1933, i n  Jones  13%) . 
The frequency of  l i a n a  t h i c k e t s  has  increased  wi th  t h e  
e s c a l a t i o n  of man's r e c e n t  a c t i v i t i e s  i n  t r o p i c a l  f o r e s t s .  Land 
c l e a r i n g  f o r  logging o p e r a t i ~ n s  and crop product ion is r e g u l a r l y  
followed, s h o r t l y  t h e r e a f t e r  , by cl imber  i n f e s t a t i o n  ( ~ a w k i n s  
1361 ) Nicholson 1955; Kochumrnen 1966; Fox 1959; Mei je r  1370.) 
Although most r e p o r t s  i n d i c a t e  t h a t  l i a n a s  a r e  eventua l ly  
replaced a f t e r  t h e  d is turbance  ceases ,  they  may e x e r t  
cons iderable  inf luence  on t h e  na tu re  of post-dis turbance 
communities ( ~ a c k s o n  1955; Jones 1955 ?I9563 Jones  and Gray 1977).  
Regrowth may be s t r u c t u r a l l y  s i m i l a r  b u t  vary widely i n  spec i e s  
composition from the  o r i g i n a l  vege ta t ion  ( ~ w e l  1983). Long term 
t r ends  could be a f f e c t e d  by the  presence of low numbers of 
p e r s i s t e n t  a d u l t s  which remain, providing a seed bank f o r  f u t u r e  
invasions  o ones 1955,1955; Nicholson 1965). Inc reas ing  the  
frequency of d i s tu rbances  f avo r s  regenera t ion  of t hese  remnant 
i n d i v i d u a l s  over t h e i r  eventual  replacement by climax spec ies .  
Trees  i n  a l l  s i z e  c l a s s e s  s u f f e r  i n j u r y  from cl imbers  b u t  i n  
secondary success iona l  s i t u a t i o n s ,  t h e  heav ie s t  damage occurs  t o  
s eed l ings  and s a p l i n g s ,  o f t e n  r e s u l t i n g  i@ a r e t a rded  r a t e  of 
regenerat ion.  Jones  (1 955,1956) working i n  Nigerian f o r e s t s ,  
noted t h a t  masses of c l imbers  which develop, a f t e r  logging,  i n  
t h e  crowns of regenera t ing  young t r e e s  may deform e n t i r e  a r e a s  of 
sap l ings .  S i m i l a r  f i nd ings  were repor ted  by Fox (1958). I n  some 
Aust ra l ian  f o r e s t s ,  c l imbers  r epo r t ed ly  s t u n t ,  shape and s t r a n g l e  
young t r e e s ,  r e s t r i c t i n g  a p i c a l  growth, reducing competi t ive 
a b i l i t y  and, i n  some cases ,  r e s u l t i n g  i n  t he  dea th  of s a p l i n g s  
(Jones and < ray  1377).  I n v e s t i g a t i o n s  by Lowe and Walker (1 377) 
sugges t  t h a t  t h e  mode of t r e e  growth may lend a competi t ive 
advantage over  l i a n a s .  Yonopodial forms ga in  i n  he ight  more 
r a p i d l y ,  escaping cl imber  i n f e s t a t i o n ,  while s lower growing 
sympodial forms succumb t o  f a s t  growing climbers.  Putz  (1382) 
reached a s i m i l a r  conc l i~s ion ,  no t ing  t h a t  some t r e e s  were no t  
suscep t ib l e  t o  l i a n a  i n f e s t a t i o n  due t o  t h e i r  growth r a t e s ,  
growth forms o r  mechanical f l e x i b i l i t y .  
Montane Rain F o r e s t s  
T rop ica l  montane r a i n  f o r e s t s  d i f f e r  i n  s t r u c t u r e  and 
spec i e s  composition from t h e i r  lowland counterpar t s .  A s  
e l eva t ion  i n c r e a s e s ,  temperature decreases  and l a r g e l y  because of 
cloud immobility,  humidity increases .  Much of t he  water suppl ied  
t o  p l a n t s  is i n  t h e  form of fog o r  fog d r i p  and i ts  frequency is 
t h e  most important  f a c t o r  i n  determining p l a n t  formations ('2rubb 
and Whitmore 1965; Walter 1971).  Decreased temperatures and low 
l i g h t  i n t e n s i t i e s  due t o  heavy fog  decrease  t h e  i n t r i n s i c  r a t e  of 
growth r e s u l t i n g  i n  a f o r e s t  of lower s t a t u r e  and biomass y i e l d  
per  hec t a re  when compared wi th  lowland f o r e s t s  ( ~ r u b b  and 
Whitmore 1356; Ether ington  1975).  A gradual  th inning  o r  
disappearance of the  upper canopy l a y e r  accompanies the  o v e r a l l  
decrease i n  he ight  of t h e  f o r e s t  (Richards 1952).  Consequently, 
t hese  f o r e s t s  a r e  u sua l ly  s impler  i n  s t r u c t u r e  with inc reas ing  
e l eva t ion  u n t i l  t h e  vege ta t ion  becomes b a s i c a l l y  a s c rub  
community, a s  i n  t he  paramos of L a t i n  American highlands. While 
spec i e s  r i c h n e s s  is lower i n  most montane f o r e s t s ,  t h e r e  
gene ra l ly  is  no t rend  towards s i n g l e  spec i e s  dominance a s  i n  many 
lowland r a i n  f o r e s t s  (Richards 1352). Slow r a t e s  of growth 
following d is turbance  t o  t hese  a r e a s  make them more s u s c e p t i b l e  
t o  invasion by fast-growing e x o t i c  s p e c i e s  ( ~ w e l  1980).  
The r o l e  of c l imbers  i n  montane r a i n  f o r e s t s  has  seldom been 
inves t iga t ed .  Richards (1952) s t a t e d  t h a t  a s  e l e v a t i o n  i n c r e a s e s  
( i n  t r o p i c a l  a r e a s )  l i a n a s  become r a r e r  and eventua l ly  disappear .  
I n  c o n t r a s t ,  t h e r e  is an abundance of c l imbers  and ep iphytes  i n  
t h e  crowns of most t r e e s  i n  montane r a i n  f o r e s t s  of Ecuador 
( ~ r u b b  e t  a l .  1953).  When comparing these  f o r e s t s  with lowland 
ones, Grubb e t  a l .  (1963) found a h igher  d e n s i t y  b u t  lower 
spec i e s  d i v e r s i t y  of c l imbers  i n  t he  montane a s soc i a t ions .  
Large-scale,  man-induced d i s tu rbances  a r e  s i g n i f i c a n t l y  l e s s  i n  
t h e  mid-elevation f o r e s t s  of t h e  t r o p i c s ;  lower t r e e  s t a t u r e  and 
the  d i f f i c u l t y  of access  t o  t hese  a r e a s  a r e  con t r ibu t ing  f a c t o r s .  
The competi t ive r e l a t i o n s h i p s  between l i a n a s  and climax t r e e  
spec i e s  i n  these  a r e a s  have no t  been i n v e s t i g a t e d  t o  da te .  
Hawaiian F o r e s t s  
-
Mueller-Dombois (1975) hypothesized t h a t  t h e  pauci ty  of 
l a rge  n a t i v e ,  woody cl imbers  i n  Wawai'i r e s u l t s  i n  a nearly-empty 
niche ( f u n c t i o n a l )  i n  Hawaiian f o r e s t s ,  e a s i l y  exp lo i t ed  by 
introduced cl imbers .    he broad func t iona l  concept a l lows  f o r  t h e  
ex is tence  of empty n iches  where resources  remain unexploi ted 
( ~ l t o n  1935,1353). Under t hese  cond i t i ons ,  a spec i e s  may 
succes s fu l ly  invade an a rea  without replacement of e x i s t i n g  
species .  Oceanic i s l a n d s  o f t en  r ep re sen t  exaggerated examples of 
t h i s  concept.  Spec ies  may be added t o  i s l a n d  b i o t a  f o r  some time 
before  t h e i r  n iches  overlap and competi t ion r e s u l t s   e east 1971; 
YacNaughton and Wolf 1973) .  I f ,  a s  suggested by C a r l q u i s t  
(?933), numerous unoccupied n i ches  were c rea t ed  by t h e  
s e l e c t i v e n e s s  of d i s p e r s a l  t o  bhe Hawaiian I s l a n d s ,  many e x o t i c  
s p e c i e s  would be expected t o  co -ex i s t  i n  a  n a t i v e  p l a n t  community 
without  competi t ive exc lus ion  o r  dominance of the  n a t i v e  s p e c i e s  
p re sen t ,  
I n  f a c t ,  most i n v e s t i g a t i o n s  t o  d a t e  support  t h e  idea  t h a t  
few empty n iches  occur i n  Hawaiian montane r a i n  f o r e s t  vege ta t ion  
complexes. S t u d i e s  show t h a t  e x o t i c  spec i e s  do n o t  r ap id ly  
invade i n t a c t  f o r e s t s  b u t  must depend upon f a i r l y  l a r g e  s c a l e  
d is turbance ,  n a t u r a l  o r  a r t i f i c i a l ,  f o r  es tab l i shment  and 
populat ion maintenance ( ~ a c o b i  and Warshauer 1975 ; 
Mueller-Dombois 4975; XueIler-Darnbois e t  a l .  1377; Yoshinaga 
4977; Burton 198Oa; Mueller-Dornbsis e t  a l .  1980 .) . Disturbance 
is  o f t e n  i n  t h e  form of canopy openings which a r e  r e a d i l y  invaded 
by fast-growing n a t i v e  and e x o t i c  hel iophytes .  S t u d i e s  elsewhere 
have shown t h a t  t h e  f a t e  o f  e x o t i c s  is dependent upon t h e  
s t a b i l i t y  of t h e  community and the frequency and magnitude of t h e  
d is turbance  ( ~ r u b b  4977; Harper 1977; V i v r e t t e  and Mueller 7977, 
Ewe1 1980). 
Montane f o r e s t s  i n  Hawaiqi  a r e  low i n  spec i e s  d i v e r s i t y  and 
simple i n  canopy s t r u c t u r e ,  tending towards s i n g l e  s p e c i e s  
dominance i n  many f o r e s t s .  Two eco log ica l ly  wide-ranging 
spec i e s ,  Acacia & and Metrosideros c o l l i n a ,  dominate t h e  
emergent l a y e r  of Hawaiian f  o r e s n o s h i n a g a  1977; 
Mueller-Dombois e t  a l .  4981). The physiognomy of t hese  doninants  
has l e d  t o  f o r e s t s  with r a t h e r  open canopies ,  except  where t r e e  
f e r n s  ( ~ i b o t i u m  spp.) form a  dominant subcanopy l aye r .  Native 
cl imbers  a r e  r e l a t i v e l y  r a r e  i n  t hese  f o r e s t s .  I n  some f o r e s t s ,  
a continuous ground cover is formed a t  1  t o  1.5 meters  by n a t i v e  
f e r n s  and shrubs such a s  lobe lo ids  and Cyrtandra spp. bu t  few 
n a t i v e  herbaceous spec i e s  occur i n  t h e  ground l a y e r  of most 
f o r e s t s  (nluel ler-~ombois  1975).  
Examination of s eve ra l  works on t h e  Hawaiian f l o r a  r e v e a l s  
few l a r g e ,  n a t i v e  woody cl imbers  (Hi l lebrand  1888; Rock 191 3 ;  
Bryan 1315).  Among the  b e s t  h i s t o r i c a l  d e s c r i p t i o n s  of Hawsiian 
f o r e s t s  a r e  those of Rock (4913). Severa l  r e f e rences  a r e  made t o  
a r e a s  i n  which l i a n a  t a n g l e s  can be found forming a dense mat of 
vege ta t ion  a t  ground l e v e l  ( a l l o s t e g i a  spp. , Stenogyne spp. ) 
bu t  few of t hese  p r o l i f e r a t e  i n t o  t h e  canopy. Two n a t i v e  
climbing shrubs ,  
=? o l i v a e f o m i s  (mai le )  and Rubus hawai iens is  Gray ( ' aka la  , occas iona l ly  f  o m  dense t ang le s ,  
p r i n c i p a l l y  r e s t r i c t e d  t o  t h e  subcanopy l a y e r s  ( ~ o c k  4913; 
personal  observa t ion) .  Dubautia l a t i f o l i a  ( ~ r a ~ )  Keck a  l a r g e ,  
n a t i v e  cl imber  r e s t r i c t e d  t o  the Roke'e region of Kaua ' i ,  o f t e n  
forms dense t h i c k e t s  i n  t he  canopy of hos t  t r e e s  ( H e l l e r  1837).  
The most p r o l i f i c  n a t i v e  climber,  F reyc ine t i a  a rborea  ( ' i e '  i e )  
was repor ted  by Rock ( 1 9 1 3 ) ~  t o  form dense t ang le s  i n  some of t h e  
lower e l eva t ion  f o r e s t s .  Observat ions on the  growth h a b i t  of 
' i e ' i e  r evea l  that t ang le s  occur only a t  low l e v e l s  i n  t he  canopy 
o r  a t  ground l e v e l .  Vo d i s t i n c t  canopy is formed by F. arborea ,  
r a t h e r ,  f o l i a g e  occurs  a t  r egu la r  i n t e r v a l s  along the  hos t  t r e e .  
Many e x o t i c  l i a n a s  have been introduced i n t o  the  Hawaiian 
I s l a n d s  ( ~ e a l  1965),  b u t  few have become economic problems. Over 
t h i r t y  spec i e s  and v a r i e t i e s  of t he  predominantly climbing genus 
P a s s i f l o r a  have been introduced i n t o  Hawai' i ( s t .  John 1373); 
approximately t e n  of these  have become n a t u r a l i z e d  and common. 
P re sen t ly ,  only P. moll iss ima,  and P. l i g u l a r i s  a t  s l i g h t l y  lower 
e l eva t ions ,  are-considered a t h r e a t  t o  upland Hawaiian f o r e s t s .  
Observations t o  da t e  suggest  t h a t  P. moll iss ima severe ly  a f f e c t s  
t h e  v igor  of na t ive  t r e e  spec i e s  an3  may a c t u a l l y  r ep l ace  them i n  
t h e  course of succession (sacobi  and Warshauer 1975; Scowcroft 
and Nelson 1375; Burton 1980b). 
Climbers a s  Fo res t  Weeds 
Weedy t axa  a r e  f r equen t ly  pioneer  o r  s e r a 1  spec i e s  which 
respond favorably  t o  increased  l i g h t  i n t e n s i t i e s .  Most s t u d i e s  
of weedy spec i e s  have concentrated on economically important  
taxa ,  p r i n c i p a l l y  g r a s s e s  and annuals.  I n  l i g h t  of t h e  r e c e n t  
evidence ga thered  by f o r e s t e r s  i n  t h e  t r o p i c s ,  l i a n a s  a r e  
becoming inc reas ing ly  recognized a s  economic f o r e s t  p e s t s  
( ~ a w k i n s  1351 ; Nicholson 1955; Kochummen 1966; Fox 1968; Mei j e r  
1'370). 
Many cl imbers  a r e  f a s t  growing he l iophytes  capable of  
succes s fu l ly  invading l a r g e  gaps i n  t h e  f o r e s t .  An inc rease  i n  
t h e  frequency of t hese  gaps could r e s u l t  i n  t h e  ex tens ion  of 
a r e a s  of secondary growth climbers.  Recurrent  la rge-sca le  
d is turbances ,  r e s u l t i n g  i n  t h e  dep le t ion  of t h e  seed bank of 
primary f o r e s t  t r e e s  could even tua l ly  l ead  t o  t h e  permanent 
replacement of  f o r e s t s  by climber-scrubs i n  t hese  a r e a s .  
Vegetat ion p a t t e r n s  may be f u r t h e r  a l t e r e d  i f ,  a s  suggested by 
Denslow (1980),  l a r g e  s c a l e  d is turbances  f avo r  t he  es tab l i shment  
of e x o t i c s  r a t h e r  than  n a t i v e  "weeds", many of which a r e  adapted 
t o  smal l  s c a l e  f o r e s t  d i s turbances .  Although a l a r g e  body of 
information has  been gathered on t h e  e f f e c t s  of c l imbers  on 
f o r e s t  success ion ,  l i t t l e  demographic work has  been done on t h e  
ind iv idua l  c l imber  spec ies .  The only examples of t h i s  type of 
s tudy a r e  from the  temperate zone, a l though t h e  t r o p i c s  could a 
g r e a t  dea l  of information on the populat ion dynamics of invading 
climbers.  
Kudzu ( ~ u e r a r i a  spp.) , an a s i a n  v ine ,  was introduced i n t o  
t h e  United S t a t e s  a s  a f a s t  growing cover  crop f o r  eroded a r e a s  
( ~ a i l e ~  1944).  The same c h a r a c t e r i s t i c s  which made it a 
succesfu l  cover crop allowed it t o  become a s e r i o u s  f o r e s t  p e s t  
within a s h o r t  time a f t e r  its in t roduct ion .  Xature f o r e s t  t r e e s  
a r e  n o t  s e r i o u s l y  a f f e c t e d  by t h e  growth of  t h i s  herbaceous 
cl imber ,  b u t  t he  regenera t ion  of young t r e e s  is f r equen t ly  slowed 
o r  ha l t ed  ( ~ a i l e ~  1944; Te l ford  and Ch i lde r s  1947).  
Lonicera japonica Thunb., a woody cl imber  from Japan was 
introduced i n t o  t h e  United S t a t e s  f o r  its f r a g r a n t  blooms. 
F r u i t s  were widely d i s t r i b u t e d  by b i r d s  and honeysuckle quickly 
became a problem i n  the  f o r e s t  ( ~ h o m a s  1980) . Growth inc reases  
l i n e a r l y  with l i g h t  i n t e n s i t y ,  t he re fo re ,  open a r e a s  a r e  most 
s u s c e p t i b l e  t o  invasion.  Areas i n  which the canopy has been 
d i s tu rbed  a r e  e a s i l y  invaded and popula t ions  a r e  capable of 
encroaching upon an i n t a c t  f o r e s t  from the  periphery.  Deep shade 
i n  t h e  f o r e s t  i n t e r i o r  severe ly  l i m i t s  growth of i nd iv idua l s  b u t  
popula t ions  a r e  maintained by a  few shade- to le ran t  ind iv idua ls .  
When popula t ions  inc rease  i n  s i z e  s ap l ings ,  shrubs  and t r e e s  a r e  
smothered and f o r e s t  regenera t ion  is  i n h i b i t e d   render 196.1 ; 
Thomas 1979,1980). Dense growth of honeysuckle a f f e c t s  f o r e s t  
s t r u c t u r e  by reducing t h e  number of v e r t i c a l  l a y e r s  i n  t h e  
community, thereby al lowing more l i g h t  t o  reach t h e  f o r e s t  f l o o r .  
A favorable  h a b i t a t  i s  c rea t ed  f o r  t h e  continued growth and 
es tab l i shment  of L. japoniea which may eventua l ly  r ep l ace  n a t i v e  
climax spec i e s  ( ~ b & a s  1980); 
SOME ASPFCTS OF THE AUTECOLOGY OF 
PASSIFLORA MOLLISSIMA 
PASSIFLORA MOLLISSIMA -- IN SOUTX AMERICA 
P a s s i f l o r a  mcll iss ima i s  a woody v ine ,  o f t e n  climbing t o  
h e i g h t s  of 20 m o r  more. The t r i l o b a t e  leaves  a r e  pubescent with 
3-12 s e s s i l e  p e t i o l a r  glands. The l a r g e ,  pink f lowers  a r e  
t u b u l a r  and pendant. Yabi t ,  l e a f  shape and l e a f  s i z e  a r e  
va r i ab l e .  P l a n t s  have o f t e n  been confused with c lo se ly - r e l a t ed  
Tacsonia spec i e s ,  p a r t i c u l a r l y  P a s s i f l o r a  mixta L. and P. 
t r i p a r t i t a  ( ~ u s s . )  P o i r ,  wi th  which - P. mollissima hybr id izes  yn 
na ture .  P a s s i f l o r a  mollissima is  d i s t i ngu i shed  from a l l  b u t  
P. t r i p a r t i t a  by i ts  oblong, yellow f r u i t s  with s o f t ,  l e a the ry  
- 
p e r i c a r p  and orange succulent  a r i l s  and from P. t r i p a r t i t a  by i t s  
l e a f  shape: l a t e r a l  segments d iverge  from mid-segments a t  an 
angle of l e s s  than  75' i n  - P. mollissima and a t  30' i n  - P.  
t r i p a r t i t a  ( ~ s c o b a r  1980 ) . 
Taxonomic Rela t ionships  
Taxonomic h i s t o r v  
The l a r g e ,  showy f lowers  c h a r a c t e r i s t i c  of many of t h e  
P a s s i f l o r a c e a e  have long a t t r a c t e d  b o t a n i s t s  t o  t he  s tudy of t h i s  
family. E a r l y  seventeenth  century exp lo re r s  saw a l i k e n e s s  t o  
t he  elements of t he  c r u c i f i x i o n  i n  t h e  unique s t r u c t u r e  of t he  
f lower,  and named them Flos P a s s i o n i s  o r  passion f lowers  ( ~ a i l e y  
1963) . Accounts of t h e  ? a s s i f  l o raceae  a r e  included i n  many 
e igh teen th  century  bo tan ica l  works b u t  t h e  f i r s t  ex tens ive  
monograph of t he  family,  by Cavani l les ,  was publ ished i n  1790 and 
included 43 s p e c i e s  ( ~ a v a n i l l e s  1790). Various t rea tments  
followed t h i s  o r i g i n a l  work ( ~ u s s i e u  1305; Masters 1872; Triana 
and Planchon 1873; Harms I ' X ~ ) ,  t h e  most r e c e n t  i n  1938, by 
K i l l i p ,  on the  American spec ies .  
The P a s s i f l o r a c e a e  is  a n a t u r a l  family of t r o p i c a l  
d i s t r i b u t i o n  comprised of 12  genera and over 500 s p e c i e s  ( K i l l i p  
1938).  T t  i s  c l o s e l y  a l l i e d  t o  t h e  Turneraceae and 
Malesherbiaceae  asters 1871 ; Harms 1925). Members a r e  
t y p i c a l l y  herbaceous o r  woody v ines  with highly developed 
t e n d r i l s .  Three prominent b r a c t s  surround t h e  b isexual ,  t u b u l a r  
f lowers  which con ta in  a one-celled supe r io r  ovary. 
Dis t inguish ing  family c h a r a c t e r i s t i c s  inc lude  the  presence of a 
corona, p e t i o l a r  glands,  t h e  f u s i o n  of  t h e  male and female 
reproduct ive s t r u c t u r e s  i n t o  a l a r g e  s t a l k ,  t h e  androgynophore, 
and f l e shy  a r i l l a t e  seeds  ( ~ i l l i p  1938).  
The predominantly neo t rop ica l  genus P a s s i f l o r a ,  is t h e  
l a r g e s t  and most important  i n  t h e  family,  conta in ing  nea r ly  400 
spec ies .  It has undergone many r e v i s i o n s  during its h i s t o r y .  
Tacsonia was f irst  recognized a s  a genus d i s t i n c t  from P a s s i f l o r a  
by ~ o u g n e f o r t  (1 700). L a t e r ,  Linnaeus f . (1781 ) considered a l l  
passion f lowers  members of a s i n g l e  genus, P a s s i f l o r a .  The 
gener ic  s t a t u s  of Tacsonia was adopted by J u s s i e u  (1805) and 
maintained by ~ e r ~ n 0 7 )  and d e  Candolle (1 828) , who 
recognized f o u r  s e c t i o n s  wi th in  t h e  genus. I n  h i s  ex t ens ive  
monograph of  t h e  P a s s i f  lo raceae ,  Masters (1 872) recognized 
Tacsonia a s  a d i s t i n c t  genus with two s e c t i o n s ,  Bracteogama and 
Eutacsonia,  and 25 spec i e s .  A s  de l imi ted  by Masters,  Tacsonia 
d i f f e r s  from P a s s i f l o r a  by i t s  e longate  f l o r a l  tube,  f a u c i a l  
corona and a s h o r t  r e f l exed  corona o r  operculum a t  t he  base of 
t h e  f l o r a l  tube. The geographical  i s o l a t i o n  of t he  group a l s o  
adds t o  i t s  d i s t i n c t i v e n e s s .  
L a t e r  workers f e l t  t h e  c h a r a c t e r i s t i c s  of  t h e  Tacsonia 
i n s u f f i c i e n t l y  unique t o  e l e v a t e  it t o  a gene r i c  rank. I n  a 
monograph of t he  Columbian Pass i f lo raceae ,  Tr iana  and Planchon 
(1 873) recognized only one genus, P a s s i f  l o r a ,  wi th  Tacsonia a 
subgenus. Harms (1 925) subdivided the  genus P a s s i f  l o r a  i n t o  21 
s e c t i o n s ,  inc luding  Tacsonia,  wi th  many subsec t ions  and s e r i e s .  
I n  t h e  most r ecen t  taxonomic t rea tment  of t h e  group by K i l l i p  
(1938), . many of t h e  Harms' s e c t i o n s  have been r a i s e d  t o  
subgenera. Tacsonia is c u r r e n t l y  considered a subgenus of 
P a s s i f  l o r a  wi th  10 s e c t i o n s ,  '$0 s p e c i e s  and 8 v a r i e t i e s  ( ~ s c o b a r  
1980).  
Nomenclature and Synonomy 
P a s s i f  l o r a  moll iss ima (BBK.) Bai ley  was f i r s t  c o l l e c t e d  i n  
1757 by Humboldt a t  Santa  Fe de  Bogota ( ~ o l o m b i a )  (Paxton 1846; 
K i l l i p  1938) and descr ibed a s  Tacsonia mollissima by Humboldt, 
Bonpland and Kunth, i n  1817. In, Bai ley  t r a n s f e r r e d  2. 
mollissima HBK. t o  t h e  
system of c l a s s i f i c a t i o n  
subgenus Tacsonia,  s e c t i  
1980). 
genus P a s s i f l o r a .  Under t h e  c u r r e n t  
it is included i n  t he  genus P a s s i f l o r a ,  
.on Bracteoaama ( ~ i l l i v  1938; Escobar 
The taxonomic problems i n  t he  group and the  morphological 
v a r i a b i l i t y  of i n d i v i d u a l s  have r e s u l t e d  i n  number of synonyms 
f o r  - P. mollissima. They inc lude  ( K i l l i p  1938): 
P a s s i f l o r a  tomentosa Lam. Encycl. 3:40. 178'3. 
Tacsonia mollissima HEK. Nov. Gen. & SD. 2:144. 1817. 
. . 
Murucuju mollissima Spreng. Sys t .  Veg. 3: 4.3. 1826. 
Tacsonia mixta subsp. tomentosa Mast. Trans. Linn. 
- --
S O ~ .  "i':623. 1871. 
Tacsonia mollissima (HBK.)  var .  g labrescens  Mast. 
Mart. F1. Bras,  1 3 ,  p t .  1 :54l, 1872. 
P a s s i f l o r a  tomentosa var. moll iss ima Tr. & Planch. 
Ann. S c i .  Nat. V. Bot. 17:131. 1873. 
Severa l  common names a rose  a s  a consequence of  t h e  
c u l t i v a t i o n  of passion f lowers  i n  South America and abroad; most 
of t h e s e  a r e  n o t  r e s t r i c t e d  t o  a s i n g l e  spec ies .  I n  South 
America t h e  more popular names f o r  g. mollissima include:  curuba 
( ~ o l o m b i a ,  ~ n d e s )  ; t i n t i n ,  tumbo, trompos and t a c s o  ( ~ e r u )  
( ~ i l l i ~  1938).  Common names from ou t s ide  t h e  n a t i v e  range 
include: g r a n a d i l l a  cimarrona ( ~ e x i c o )  , passion f r u i t  (&rope and 
United s t a t e s )  banana passion f r u i t  ( ~ u s t r a l i a ,  New Zealand, 
Afr ica,  Hawai' i )  , banana l i l i k o '  i and banana poka ( ~ a w s i '  i )  
( ~ i l l i ~  1933; Menninger 1370; Young 1970; de Wilde 1375). 
Reproductive Biology 
Cytology 
I n  h i s  c y t o l o g i c a l  s t u d i e s  of 29 s p e c i e s  and v a r i e t i e s  of 
P a s s i f  l o r a  growing i n  Hawai' i , Sto rey  (1 950) determined t h e  
somatic chromosome number of a l l  h o r t i c u l t u r a l  t axa  s tud ied ,  
inc luding  P. moll iss ima,  t o  be 2n=18. Based on h i s  ex tens ive  
survey o f  t h e  group, S torey  assumed a base number of x = 3 ,  i n  
c o n t r a s t  t o  t h e  x=5 proposed e a r l i e r  by Dar l ing ton  and Ammal 
(1945). The unl ike l ihood of a l l  s p e c i e s  being f e r t i l e  t r i p l o i d s ,  
a s  we l l  a s  the  f r equen t  hybr id i za t ions  i n  t he  group, l e d  S torey  
t o  p o s t u l a t e  an a n c i e n t  o r i g i n  of t he  hexaploid s e r i e s .  
An a l t e r n a t i v e  mode of evo lu t ion  ( ~ e a l  1959) sugges ts  a 
succession of aneuploid reduct ions  from the  2n=24 group t o  t he  
2n=13 type. Escobar (1980) lists n=9 a s  t h e  haploid number of 
a l l  ~ a c s b n i a  spec ies .  
Breeding systems 
L i t t l e  i s  known about t h e  p o l l i n a t o r s  of P a s s i f l o r a  
mollissima; they  a r e  gene ra l ly  thought  t o  be hummingbirds and 
l a r g e  bees ( ~ s c o b a r  1380).  Unlike many pass ion  f lowers ,  P. 
mollissima i s  self-compatible  ( ~ c o t t  1865; Br iz icky  1961 ; Escobar 
1390). Escobar (1980) obtained a 40 percent  f r u i t  s e t  f o r  hand 
p o l l i n a t e d  f lowers  b u t  only f o u r  percent  of t h e  n a t u r a l l y  s e l f ed  
f lowers  l a t e r  developed i n t o  f r u i t s ,  suggest ing t h a t  s e l f i n g  is 
uncommon i n  na tu re  f o r  t h i s  spec ies .  Problems wi th  f r u i t  s e t ,  
commonly r epor t ed  f o r  c u l t i v a t e d  passion f r u i t  spec i e s ,  
p a r t i c u l a r l y  P. e d u l i s  f .  f l a v i c a r p a  Deg., have n o t  been repor ted  
f o r  - P. r n o l l i s ~ i ~ ~ e n o e  1320; Pope 1935; Akamine 1956).  
Hybridizat ion 
Few reproduct ive  b a r r i e r s  e x i s t  wi th in  t h e  subgenus 
Tscsonia.  P a s s i f l o r a  mollissima hybr id izes  f r e e l y  i n  na tu re  with 
o t h e r  Tacsonia throughout i ts  range, producing f e r t i l e  o f f sp r ing .  
Hybrids i n  t h e  wild have been recognized between P. mollissima 
and P. mixta ( K i l l i p  1938; de Wilde 1975; ~ s c o F a r  1980) ,  P. 
molli<sima and P.  p i n n a t i s t i p u l a  Cav. (de  Wilde 1975; Escobar 
1980),  P. m o l l i ~ s i m a  and P. t r i p a r t i t a  (de  Wilde 1975; Escobar 
- 
1980) axd P. mollissima and P. cumbalensis ( ~ a r s t . )  Harms 
(Escobar 19g0).  9ne n a t u r a l  and one h o r t i c u l t u r a l  hybrid of 
P. moll iss ima have been descr ibed:  P a s s i f  l o r a  X ro sea  ( ~ a r s t . )  
- 
K i l l i p  (=P. p i n n a t i s t i p u l a  X P. moll iss ima) ( ~ i l l i p  1938; Martin 
and ~ a k a s z n e  1370) and P. exzn iens i s  Hort. (=P. a n t i o q u i e n s i s  X 
P. moll iss ima)  a art in azd Nakasone 1970). 
- 
Escobar (1 380) has  succes s fu l ly  c rossed  P.  mollissima wi th  
P. ampullacea (Mast.) Harms, P. mathewsii (Mzsters) K i l l i p ,  P. 
- .- 
mixta,  P. p i n n a t i s t i p u l a  and P. t r i p a r t i t a .  A l l  c ro s ses  r e s u l t e d  
i n  f r u T t  s e t  and hybrids  were vigorous wi th  normal development. 
No da t a  a r e  y e t  a v a i l a b l e  f o r  f r u i t  product ion o r  po l l en  
v i a b i l i t y  i n  t h e  hybrids.  
D i s t r i b u t i o n  
P a s s i f l o r a  mollissima is  found between 2000 and 3600 m ,  
r a r e l y  lower o r  h igher ,  i n  t h e  Eas t e rn  C o r d i l l e r a  of t h e  Andes of 
Colombia, sou theas t e rn  Andean s lopes  of Peru  and the  western 
s lopes  of  Bo l iv i a  and Venezuela ( ~ i l l i p  1933; Escobar 1980). 
Cu l t i va t ed  ex tens ive ly  throughout South America, many popula t ions  
probably r ep re sen t  escapees from c u l t i v a t i o n .  Most Tacsonia 
spec i e s  a r e  l o c a l  endemics and r e s t r i c t e d  t o  t he  moist  mountain 
s lopes  of t h e  Andes (Escobar 1980). P a s s i f  l o r a  mixta and seve ra l  
c u l t i v a t e d  spec i e s ,  inc luding  P. moll iss ima,  a r e  widercranging 
and found i n  t he  d r i e r  i n t e r -~Gdean  v a l l e y s  a s  wel l  a s  t he  wet 
s lopes .  Endemicity is  common i n  the  Tscsonia and r e s u l t s  from 
d i s c o n t i n u i t i e s  i n  h a b i t a t  due t o  geographical  and c l i m a t i c  
b a r r i e r s .  I t  is n o t  c l e a r  from Escobar '  s (1380) d e s c r i p t i o n  
whether o r  n o t  c u l t i v a t e d  Tacsonia have wider d i s t r i b u t i o n s  a s  a 
r e s u l t  o f  c u l t i v a t i o n  and poss ib ly  l a t e r  escape o r  s e l e c t i o n  f o r  
c u l t i v a r s  was from n a t u r a l l y  wide-ranging spec ies .  She does 
note ,  however, t h a t  "na tura l"  popula t ions  of P. mollissima were 
found only i n  nor thern  Peru,  where t h e  spec i e s  i i k e l y  o r ig ina t ed ,  
suggest ing t h a t  i t s  n a t u r a l  d i s t r i b u t i o n  may be more l imi ted .  
Man has  disseminated t h i s  spec i e s  a s  an ornamental and f o r  
i ts e d i b l e  f r u i t  t o  many reg ions ,  including:  Mexico, C a l i f o r n i a ,  
New Zealand, Aus t r a l i a ,  Hawa i f i ,  New Guinea, t h e  Kermadec 
I s l a n d s ,  I n d i a ,  Ceylon and E a s t  Afr ica  ( ~ i l l i ~  1933; Martin and 
Nakasone 1.370; Green 1972; de Wilde 1975; Sykes 1977; Escobar 
1980). 
Eco%ogical Rela t ionships :  Abio t ic  
References t o  t h e  ecology of P a s s i f l o r a  mollissima i n  its 
n a t i v e  h a b i t a t  a r e  few. Some g e n e r a l i z a t i o n s  may be drawn from 
accounts  of its behavior as a c u l t i v a t e d  p l a n t ,  b u t  t hese  must be 
made with r e se rva t ions .  
Climate 
The subgenus Tacsonia,  t o  which P. mollissima belongs, is 
r e s t r i c t e d ,  wi th  few exceptfons,  t o  t h e  Z o i s t  u p p e r ~ l o p e s  of t h e  
Andes. The c l ima te  of t h e  h i g k e l e v a t i o n  Andes is  cool wi th  
f requent  fog  and m i s t ;  r e l a t i v e  humidity is high. The amount of 
s o l a r  r a d i a t i o n  reaching the  e a r t h  is f a i r l y  cons t an t  a l l  year  
b u t  is  reduced by t h e  f requent  fog  c h a r a c t e r i s t i c  of t h i s  a rea .  
Average annual d a i l y  temperatures  e x h i b i t  l i t t l e  v a r i a t i o n  
- 6  2 )  T h i s  d i f f e r e n c e  is r e g u l a r l y  exceeded by the  d i u r n a l  
range. Within t h e  l a t i t u d i n a l  and a l t i t u d i n a l  l i m i t s  o f  
P . moll iss ima,  average annual temperatures  range from 5 t o  20 O C . 
- 
R a i n f a l l  is  h igh  and seasonal  i n  most a r e a s  w i th  one o r  two 
annual dry  pe r iods ,  u sua l ly  between June and August. Average 
annual r a i n f a l l  ranges from approximately 750 mm t o  3000 mm. 
P a s s i f l o r a  moblissima grows b e s t  i n  cool  temperatures; 
occas iona l  f r o s t s ,  t o  -2 O C ,  a r e  t o l e r a t e d  without  in jury .  A t  
lower temperatures  i n j u r y  occurs ,  p a r t i c u l a r l y  t o  t h e  ap i ces  
  axt ton 1846; J a r a m i l l o  1957; Anonymous 1362; Mart in  and Nakasone 
1970).  High temperatures  may a l s o  a f f e c t  growth and vigor .  
Martin and Nakasone (1970) r e p o r t  t h a t  P. moll iss ima c u l t i v a t i o n  
has been unsuccessful  a t  low e leva tyons  i n  t h e  t r o p i c s  and 
Escobar (1 989) n o t e s  t h a t  p l a n t s  appear  t o  be  i n t o l e r a n t  of 
higher  temperatures .  Temperature may a l s o  a f f e c t  fecundity.  
Severa l  au tho r s  have noted t h a t  f lowering and f r u i t i n g  a r e  
reduced o r  prevented by e l eva t ed  temperatures  ( ~ o o k e r  1845; 
Howell 1976; Escobar 1980; G i l b e r t  pers.  comm.) . 
Ligh t  
P a s s i f l o r a  moil iss ima i s  a he l iophyte ,  l o c a t i n g  i n  open 
s i t e s  such a s  roads ides ,  f i e l d  borders  and l i g h t  gaps wi th in  t h e  
f o r e s t  ( ~ s c o b a r  pers .  comm.) . There a r e  no r e p o r t s  on t h e  
e f f e c t s  of l i g h t  on growth o r  phenology of - P.  mollissima. 
S o i l s  
Natura l  popula t ions  of P. moll iss ima a r e  confined t o  moist 
s i t e s  i n  t h e  Andes, a l though an abundance of  d r i e r  s i t e s  a r e  
a v a i l a b l e  ( ~ s c o b a r  1980).  Most c u l t i v a t e d  pass ion  f r u i t ,  
inc luding  P. moll iss ima,  r epo r t ed ly  "prefer"  moist ,  well-drained 
s o i l s ;  s u r v i v a l  i s  poor when drainage is impeded  a art in and 
Nakasone 1979; Herk lo ts  1975).  Cu l t i va t ed  c rops  a r e  customari ly  
i r r i g a t e d  i n  d ry  a reas .  I n  c u l t i v a t i o n ,  i nd iv idua l s  produced 
choice f r u i t s  i n  a v a r i e t y  of s o i l  types  ( ~ a r a m i l l o  1957).  
Ecologica l  Rela t ionships :  B i o t i c  
Germination 
The seeds  of P. mollissima a r e  surrounded by a  hard,  bony 
t e s t a .  Reported emergence time f o r  f r e s h  seeds  v a r i e s  from l e s s  
than  two weeks t o  14 weeks ( ~ a r a m i l l o  1957; Anonymous 1352). 
Pre t rea tment  of seeds  wi th  warm water  o r  weak a c i d  reduces t h e  
germination t ime by 30-50%. Schoniger (1969) r e p o r t s  t h a t  seeds  
of P. moll iss ima f a l l  i n t o  two d i s t i n c t  ca tegor ies :  t hose  which 
gemynate  i n  f i v e  t o  e i g h t  weeks and those  i n  which germination 
is delayed f o r  42 t o  20 weeks. Escobar (1930) no te s  t h a t  seeds  
germinate r ap id ly  a f t e r  an i n i t i a l  per iod  of la tency.  
D i spe r sa l  
D i spe r sa l  agen t s  of P a s s i f l o r a  mollissima i n  i ts  n a t i v e  
range a r e  unknown, b u t  t he  l a rge ,  f l e s h y  f r u i t s  c h a r a c t e r i s t i c  of 
t h i s  s p e c i e s  a r e  sugges t ive  of mammal o r  f rugivorous  b i r d  
t r anspor t .  Janzen (1 968) has  observed seeds  of o the r  P a s s i f  l o r a  
spec i e s  i n  b i r d  droppings and Escobar (1980) no te s  t h a t  t h e  f r u i t  
of Tacsonia spp. a r e  commonly ea t en  on the  v ine  sugges t ing  av ian  
o r  b a t  d i s p e r s a l .  The lack  of a  s u i t a b l e  d i s p e r s a l  agent  i n  t he  
n a t i v e  range may be an a d d i t i o n a l  f a c t o r  r e spons ib l e  f o r  t h e  high 
r a t e  of l o c a l  endemism observed f o r  Tacsonia spec ies .  
Community Assoc ia t ions  
P a s s i f l o r a  moll iss ima is  confined t o  e l e v a t i o n s  g r e a t e r  
than  2000 m on the  moist s lopes  of t he  Andes. Th i s  e l e v a t i o n a l  
zone corresponds wi th  t h e  a r ea  known a s  t h e  "ce j a  de l a  montana" 
(eyebrow of t h e  f o r e s t ) ,  cha rac t e r i zed  by h igh  humidity, cool  
temperatures  throughout t h e  year ,  cons t an t  fog and moderate l i g h t  
i n t e n s i t i e s .  The "ce jas"  a r e  composed of evergreen woody 
formations of lower s t a t u r e  than the  "montana". F l o r i s t i c a l l y ,  
they  r ep re sen t  a t r a n s i t i o n  between t h e  low e l e v a t i o n  "montana" 
( t r o p i c a l  r a i n  f o r e s t )  and high e l e v a t i o n  cloud f o r e s t s ,  Ferns ,  
o rch ids  and bromeliads a r e  abundant and occur a s  epiphytes ,  
f r equen t ly  obscuring an e n t i r e  hos t  t r e e .  Mosses and t r e e f e r n s  
a r e  a l s o  common. Dominant angiosperm f a m i l i e s  inc lude  t h e  
Compositae, Er icaceae  and Lobel iaceae ( ~ a c b r i d e  1935; Goodspeed 
1941 ; Cuatrecasas  1353; Fer reyra  1953).  
P a s s i f l o r a  moll iss ima i s  c u l t i v a t e d  ex tens ive ly ,  wi th  
i r r i g a t i o n ,  i n  the  dry,  inter-andean v a l l e y s  and may f r equen t ly  
be found a s s o c i a t e d  wi th  Alnus spp. a long watercourses ,  
presumably n a t u r a l i z e d  fol lowing c u l t i v a t i o n    embert ton pers .  
comm.). The g a l l e r y  vege ta t ion  may be descr ibed a s  an evergreen 
and r a i n p g r & n  bushwood o r  shrubwood with a  h igher  dens i ty  than 
the  surrounding vegeta t ion .  Representa t ive  genera include: 
Alnus, S a l i x ,  - ~ u d d l e i a  , Sambucus, Bauhinia,  Jacaranda and 
P i ~ t a d e n i a .  P a s s i f l o r a  mollissima mav a l s o  be found a t  t he  lower 
l i m i t s  of subparamo vegeta t ion  zone, which is cha rac t e r i zed  by 
t h i c k e t s  and low t r e e  formations a l t e r n a t i n g  wi th  meadows 
( ~ a c ~ r i d e  1936; Weberbauer 1935; Cuatrecasas  1953) . 
Predat ion  
--- 
In h i s  work with P a s s i f l o r a  - i n  t h e i r  n a t i v e  range, Masters 
(1959) observed t h a t  f lowers  were f r equen t ly  l a c e r a  bed by 
hummingbirds seeking n e c t a r  st the  base of t h e  tube. Escobar 
(2980) notes  t h a t  one q u a r t e r  of a l l  spec i e s  of Tacsonin she 
s tud ied  showed some amount of damage t o  t he  flowers.  Nectar  
robbing is  a l s o  common i n  Hawai' i ( ~ u n g  1%'I ) . 
A number of i n s e c t s  a t t a c k  8, mollissiiaa b u t  few have been 
considered s e r i o u s  p e s t s ,  Of t h e  i n s e c t s  known t o  feed on g. 
mollissima, t h e  l a r v a l  s t age  of Dione juno Cremers ( ~ e ~ i d o ~ t e r a ;  
Nymphalidae) i s  the  most darnaging'=obar 1980).  I n d i v i d u a l s  of 
Parisama sp. ( ~ ~ ~ h a l i c d a e )  have been observed ov ipos i t i ng  on P. 
mollissima b u t  do not  appear t o  be s e r i o u s  pes t s .  Other p e s t s  i n  
t h e  Lepidoptera  i nc lude  and Fe lde r  
(~ympha l idae )  , Podotr icha ( ~ ~ m ~ h a l i d a e ) ,  Odonna 
pas s i f  l o r a e  Clarke ( ~ ~ r a l i d a e )  
9 7  belonging t o  
t he  genus Anastrepha i n f e c t  f r u i t  and two homopterans 
P 
Selenaspidus sp. and Ernpoasca sp. feed  on leaves  and f r u i t s  
- m " i 5 8 :  Valero and Viana 1970; Escobar 1980).  A 
r ecen t ly  descr ibed  spec i e s  of Dip tera ,  Dasiops curubae Yteyskal,  
repor ted ly  a t t a c k s  f lowers  and f r u i t s  of 2. mollissima and 
r e l a t e d  s p e c i e s  i n  Columbia ( ~ t e ~ s k a l  1980): G i l b e r t  (1 976) 
repor ted  a n  un iden t i f i ed  chrysornelid b e e t l e  feeding on 
P.  mollissima i n  Peru. I n  ~ l a n t a t i o n s ,  root-knot nematodes, 
T ~ e l i o d ~ ~ ~ n e  sp.) may a l s o  a t t a c k  5. moll iss ima and s l u g s  ( ~ i l a x  
gagetes  ( ~ r a p a r n a u d )   of t e n  e a t  young p l a n t s  (Anonymous 1962 ; 
Escobar 1980) . 
Disease 
Severa l  pathogens a r e  known t o  a t t a c k  P a s s i f l o r a  mollissima; 
Colletotr ichum Penz. and - C .  p a s s i f l o r a e  Stevens 
and Young ( spp. (brown s p o t  d i sease)  
and Oidium spp, (mildews) r epo r t ed ly  lower y i e l d s  b u t  do not  k i l l  
t h e i r  h o s t  (U .S .D.A. 1960; Anonymous 1952; Tagawa 1972; Escobar 
1980).  Under very  moist  s o i l  cond i t i ons ,  s eed l ings  a r e  
succep t ib l e  t o  Fusarium sp. w i l t    arti in and Nakasone 1970).  
Economic Uses 
Approximately 50 t o  60 s p e c i e s  of P a s s i f l o r a  bear  e d i b l e  
f r u i t   artin in and Nakasone 1970). Of these ,  t h e  two most widely 
c u l t i v a t e d  s p e c i e s  a r e  g. e d u l i s  and P. moll iss ima.  I n  i t s  
n a t i v e  range, - P.  rnollissima i s  c u l t i v a t e d  ex tens ive ly  f o r  i ts  
f r u i t  and a s  an  ornamental ( ~ i l l i p  1938; Escobar 1990).  Well 
managed a r b o r s  may y i e l d  35,000-40,000 kg- o f  f r u i t  per  hec t a re  
( ~ n o n p o u s  1962). J u i c e  from the  f r u i t  is h igh  i n  Vitamin C and 
f requent ly  used f o r  c o c k t a i l s ,  she rbe t s ,  and wines ( ~ e n n i n g e r  
1970; Seelkopf e t  a l .  1952). I n  many South American markets the 
f r u i t  of P .  mbll iss ima i s  p re fe r r ed  t o  the  more widely c u l t i v a t e d  
P. edu l i s - (~as t enada  1956). 
- 
I n  many cases ,  it is not  c l e a r  whether t he  impor ta t ion  of 
P a s s i f l o r a  moll iss ima t o  an  a rea  occurred p r i n c i p a l l y  f o r  the  
va lue  of i t s  f r u i t  o r  its a t t r a c t i v e  f lowers  and fo l i age .  Young 
(1970) no te s  only t h a t  it was of fered  f o r  s a l e  i n  New Zealand i n  
t h e  n ine t een th  century ,  presumably a s  a  food crop. Masters 
(1869) was the  f i r s t  t o  remark on t h e  i n s i p i d  na tu re  of t h e  f r u i t  
when grown abroad. He s t a t e s ;  YJnless under t h e  andean sun t h e  
f l a v o r  is more decided than it is here  ( ~ n g l a n d ) ,  we should 
regard the  f r u i t s  a s  ornamental r a t h e r  than  use fu l  on t h e  d e s s e r t  
t ab le ."  S i m i l a r l y ,  t he  f r u i t  of t h e  Hawaiian P. moll iss ima is  
of t e n  considered i n s i p i d  (pung 1971 ) . ~ o d a ~  t h e  commercial 
c u l t i v a t i o n  of  t h i s  spec i e s  appears  t o  be l imi t ed  t o  South 
America. No pharmaceutical p roducts  o r  secondary p l a n t  
subs tances  have been repor ted  from P. moll iss ima t o  date .  
PASSIFLORA MOLLISSIMA I N  H A W A I ' I  
P a s s i f l o r a  moll iss ima i s  c u r r e n t l y  p r o l i f e r a t i n g  i n  mid t o  
high e l e v a t i o n  f o r e s t s  on the  i s l a n d s  of Hawai' i and Kaua' i. A 
p e r r e n i a l  c l imber  from t h e  Andean highlands,  it is  capable of 
climbing 20 meters  t o  t he  tops  of many of  t he  t a l l e s t  t r e e s ,  
shading t h e i r  crowns wi th  its fo l i age .  I n f e s t a t i o n s  of t h i s  
p l a n t  occur  i n  l a r g e  a r e a s  of n a t i v e  Metrosideros c o l l i n a  and 
Acacia koa f o r e s t s ,  i n h i b i t i n g  t h e  growth and reproduct ion of 
-
f o r e s t  t r e e s .  I n  a  r e c e n t  address  t o  f o r e s t e r s  i n  t h e  s t a t e  of 
Hawai' i, Skolmen (1979) dec lared  P. moll iss ima t h e  number one 
- 
problem i n  koa f o r e s t  management. 
Loca l ly ,  t h i s  p l a n t  is  known a s  banana poka. The name 
appears  t o  be r e s t r i c t e d  t o  t he  Hawaiian I s l a n d s  and is derived 
from t h e  Hawaiian word poka'a,  r e f e r r i n g  t o  t he  t e n d r i l s ,  meaning 
" t h a t  which is wound up i n  a  b a l l ,  a s  rope o r  twine" ( ~ u k u i  and 
E l b e r t  1977) and from t h e  banana l i k e  f r u i t  it bea r s  ( ~ o n g  
1971 a ) .  
The exac t  d a t e  of i n t roduc t ion  of P a s s i f l o r a  mollissima t o  
t h e  Hawaiian i s l a n d s  is unknown; it was f i r s t  observed near  t h e  
Puuwaawaa Ranch, North Kona i n  1921. L a t e r ,  it was repor ted  t o  
have been p lan ted  a t  s e v e r a l  s i t e s  a long t h e  Hamakua coas t ,  
FIualalai  and t h e  s l o p e s  of Mauna Kea ( ~ o n g  1971 a )  . The f i r s t  
documentation of P. moll iss ima i n  Hawai ' i  is  from a  herbarium 
specimen, collected-by L .H. McDaniels i n  1925, from t h e  Puuwaawaa 
a rea  (BISH f51463). McDaniels descr ibed  the  p l a n t  a s  "growing i n  
an open f o r e s t ,  scrambling over t rees1 ' ,  i n d i c a t i n g  t h a t  it  was 
na tu ra l i zed  i n  the  a rea .  The f i r s t  re fe rence  t o  g. mollissirna i n  
Hawai'i i s  by Pope (1929). The in t roduc t ion  of t h i s  p l a n t  t o  t he  
i s l and  of Kaua ' i  occurred a t  approximately t h e  same time. Wenkam 
(1967) no te s  t h a t :  " e a r l y  cons t ruc t ion  workers p lan ted  t h e  
hanging pink l i l i k o ' i  around t h e i r  bunk do rmi to r i e s  f o r  food 
while digging t h e  i r r i g a t i o n  ( ~ e k a h a )  t unne l s  i n  1923". No 
specimen was c o l l e c t e d  from t h i s  a r e a  u n t i l  1947 ( G .  P e a r s a l l ,  
BISH #23153). 
Accounts 
P .  moll iss ima 
- 
Bryan 1915). 
of t h e  Hawaiian f l o r a  p r i o r  t o  1921 do n o t  list 
o r  any of i ts  repor ted  synonyms ( ~ i l l e b r a n d  1398; 
I t  is probable t h a t  - P, moll iss ima,  l i k e  t h e  c l o s e l y  
r e l a t e d  cl imber ,  P .  e d u l i s  Sims., escaped from c u l t i v a t i o n  and 
became natural ized-  s h o r t l y  a f t e r  i t s  in t roduct ion .  The most 
r e c e n t  i n t e n t i o n a l  in t roduct ion  occurred i n  1958 when a p l a n t  was 
talcen from Laupahoehse t o  Volcano, on the  i s l a n d  of Hawsi ' i   o on^ 
137? a )  . 
D i s t r i b u t i o n  
P a s s i f l o r a  mollissima i s  found on t h e  i s l a n d s  of Hawai' i, 
Kaua' i and Maui. I n  1971 , a survey team from t h e  Department of 
Land and Natura l  Resources Div is ion  of Fo res t ry  p l o t t e d  the  
d i s t r i b u t i o n  of banana puka on the  i s l a n d  of  Hawaigi .  A map 
( s c a l e  1 : 24,000) was prepared, showing 35,000 a c r e s  overrun with 
t h i s  weed (wong 1971 a )  . I n f  e s t a t i s n s ,  expressed a s  t h e  ground 
a rea  covered by banana poka, ranged from 7Q% t o  100% t o  a r e a s  
with a d e n s i t y  of only one t o  f i v e  p l a n t s  pe r  50 ac re s .  The 
heav ie s t  i n f e s t a t i o n s  accurred on 22,000 a c r e s  of  t he  Hi lo  and 
Manowaialee F o r e s t  Reserves along the  Hamakua coas t .  Popula t ions  
on Hua la l a i  were numerous b u t  s c a t t e r e d  and those  i n  t h e  Volcano 
a rea  were smal l  and d i f fuse .  A l a t e r  assessment,  made by t h e  
same agency, noted t h a t  by 1975 t h e  a rea  covered had increased  t o  
35,000 a c r e s  on the  i s l a n d  of Hawai' i. I n  a d d i t i o n  12,QOC) a c r e s  
of t h e  Koke' e reg ion  of Kaua' i were i n f e s t e d  ( ~ a e h l e r  1975; 
Landgraf 1975).  
Small i s o l a t e d  populat ions have been found i n  t h e  Kohala 
Yountains ( ~ a r s h a u e r  e t  a l .  1983) and i n  Pohakuloa, on the  i s l a n d  
of Hawai ' i  ( ~ i ~ a s h i n o  e t  a l .  1977). I n  a d d i t i o n ,  a small  
i s o l a t e d  popula t ion  cons i s t i ng  of one a d u l t  and approximately 250 
seed l ings  was repor ted  from Dlinda, Maui i n  1971, presumably a n  
escape from t h e  nearby a g r i c u l t u r a l  experiment s t a t i o n  (Wong 
1971 b, 1973).  The S t a t e  Department of Agr icu l ture  promptly 
e r ad ica t ed  t h e  popula t ion  b u t  t h e i r  f i l e s  i n d i c a t e  t h a t  p l a n t s  
had reappeared i n  t h e  a r e a  by 1978 ( ~ a m u r a  1978b) and sti l l  
appear p e r i o d i c a l l y  ( ~ a m u r a  pers.  comm. ) . 
Banana poka has succes s fu l ly  invaded a r e a s  o f  d i v e r s e  
c l imate  and vegeta t ion .  On the  i s l a n d  of Hawai ' i  it can be found 
from 300 t o  2500 m e l e v a t i o n s  ( ~ a n d g r a f  1975; Warshauer e t  a l .  i n  
review). Temperatures i n  t hese  a r e a s  range from 10  t o  25 O Z  
(mean annual temperature) ; annual r a i n f a l l  ranges from 
approximately 500 mm t o  5000 mm. Coloniza t ion  has occurred on 
dry lava  flows with spa r se ,  open Myoporum scrub  communities t o  
montane r a i n  f o r e s t s  dominated by Metrosideros c o l l i n a  and 
Cibotium spp. The p r i n c i p a l  vege ta t ion  types  i n f e s t e d  with 
banana poka on Hawai ' i  inc lude  both open and c losed  f o r e s t s  of 
Acacia koa and Metrosideros c o l l i n a ,  mixed n a t i v e  s p e c i e s  
-
a s s o c i a t i o n s ,  t r e e  f e r n  f o r e s t s  ( ~ i b o t i u m  spp.) and pas tures .  
On Kaua l i ,  popula t ions  a r e  centered  i n  Kokele and a r e  found 
i n  both open and c losed  Acacia spp. f o r e s t s  from 850 t o  1300 rn i n  
e l e v a t i o n  ( ~ a e h l e r  1 9 7 R R a i n f a l  1 i n  t h e s e  a r e a s  v a r i e s  f  roin 
750 rnm t o  2000 mm per  year;  t h e  mean annual temperature ranges 
from 4 t o  27 'C . 
Reproductive Biology 
P a s s i f l o r a  moll iss ima e x h i b i t s  a h igh  degreee of fecundi ty .  
Flowers can be found during a l l  months of t h e  year .  Large 
numbers of  f r u i t s  a r e  produced each year  wi th  a peak from l a t e  
s p r i n g  t o  autumn ( ~ u n g  1971 ) . According t o  Wong (1 971 a )  , a 12  cm 
long f r u i t  may con ta in  170 t o  180 a r i l l a t e  seeds. It is n o t  
c l e a r  whether t he  abundant f r u i t  s e t  observed i n  Hawai ' i  i s  due 
p r i n c i p a l l y  t o  spontaneous s e l f i n g  of i n d i v i d u a l s  o r  t h e  a c t i v i t y  
of b i o t i c  p o l l i n a t o r s .  Po l l en  of  t h i s  spec i e s  is l a r g e  and 
s t i c k y  i n d i c a t i n g  t h a t  g r a v i t a t i o n a l  d i s p e r s a l  would be 
d i f f i c u l t .  
No d i r e c t  observa t ions  o r  s t u d i e s  of t h e  p o l l i n a t i o n  of 
P. moll iss ima have been repor ted  f o r  Hawai ' i .  B i r d s  a r e  commonly 
- 
assumed t o  p o l l i n a t e  f lowers  of P. moll iss ima i n  Hawai ' i  a l though 
t h e r e  i s  l i t t l e  evidence t o  suppor t  t h i s  hypothes is  t o  da te .  I n  
South America, hummingbirds p o l l i n a t e  f lowers  when probing f o r  
n e c t a r  l oca t ed  a t  the  base of t h e  long c o r o l l a  tube. Although 
many nec t ivorous  b i r d s ,  both n a t i v e  and e x o t i c ,  may be found i n  
q a w a i l i ,  none possess  a b i l l  of s u f f i c i e n t  l eng th  t o  ga in  acces s  
t o  t h e  nec tar .  
The i i w i ,  ( v e s t a r i a  cocc in i a  ( ~ o r s t e r )  ) , a n a t i v e ,  
nectar-feeding f o r e s t  b i r d ,  is f r equen t ly  observed robbing n e c t a r  
from f lowers  by p i e r c i n g  t h e  base of t he  c o r o l l a  tube ( ~ u n g  
1971).  I n  t h i s  way, n e c t a r  is removed without  p o l l i n a t i n g  t h e  
flowers.  Two a d d i t i o n a l  n a t i v e  s p e c i e s  of  b i r d s ,  t h e  akepa 
( ~ 0 x 0 ~ s  coccineus coccineus ( ~ m e l i n ) )  and t h e  amakihi ( ~ o x o p s  
v i r e n s  (m and the  e x o t i c  white eye ( ~ o s t e r o ~ s  'a onica  
japonica Temminck and schlega)  e x h i b i t  s i m i l a r  behavior  4- Pung 
1971 ; Wong 1971 a )  . The Hawaiian crow o r  a l a l a  ( ~ o r v u s  t r o  i c u s  
Grnelin) a l s o  feeds  on P. moll iss ima n e c t a r   iffin in 1978, --f. 1980 a s  
we l l  a s  f r u i t .   he mechanism of  p o l l i n a t i o n  is  unknown i n  
Rawai ' i ,  t he re fo re  it is d i f f i c u l t  t o  a s s e s s  t he  s i g n i f i c a n c e  of  
t h i s  l o s s  of n e c t a r  t o  the reproduct ive  success  of t h i s  spec ies .  
Pung (1971 ) r e p o r t s  t h a t  while a ma jo r i t y  of f lowers  examined 
possessed peck holes ,  these  apparent ly  had no ill e f f e c t  on the  
maturat ion of the  f r u i t .  
I n s e c t s  may p lay  a r o l e  a s  p o l l i n a t o r s  of P a s s i f l o r a  
mollissima. The ca rpen te r  bee, Xylocopa var ipuncta  Pa t ton ,  
f r equen t ly  p o l l i n a t e s  P. e d u l i s  f .  f  l av i ca rpa  i n  Hawai1 i ( ~ k a m i n e  
and Girolami 1'359; Nishida 1363). F u r t h e r  s t u d i e s  may show it t o  
be a p o l l i n a t o r  of - P. mollissima a s  well .  
Dispe r sa l  
Seeds of P a s s i f l o r a  mollissima a r e  we l l  adapted f o r  
d i s p e r s a l  by f rugivorous  animals.  Whereas man has  been 
respons ib le  f o r  the  in t roduct ion  of s c a t t e r e d  populat ions of P. 
mollissima t o  Hawai ' i ,  Kaua'i  and Maui, l o c a l  p r o l i f e r a t i o n  o f  
t hese  introduced populat ions is due t o  e x o t i c  animals which feed  
on t h e  f l e shy  f r u i t s .  To a l e s s e r  e x t e n t ,  pass ive  d i s p e r s a l  by 
water c u r r e n t s  a l s o  r e s u l t s  i n  l o c a l  p r o l i f e r a t i o n  a long  
streambanks (Wong 1 971 a )  . Continued, widespread d i s p e r s a l  of 
P .  moll iss ima i n  Hawai ' i  is  due ~ r i n c i ~ a l l v  t o  t h e  a c t i v i t i e s  of 
- 
a s i n g l e  d i s p e r s a l  agent ,  t he  f e r a l  p ig ,  s c r o f a  L. S t u d i e s  
of f e r a l  p i g s  and t h e i r  h a b i t s  i n  Hawai ' i  have d isc losed  t h a t  
severe banana poka i n f e s t a t i o n s  a r e  c o r r e l a t e d  wi th  a r e a s  of high 
p ig  d e n s i t y  (wong 1971 a ;  G i f f  i n  1972; Baker 1975). Seedl ings  
o f t e n  germinate from p i g  s c a t s ,  p a r t i c u l a r l y  along e s t a b l i s h e d  
p i g  t r a i l s .  
The s t s p l e  food of the  f e r a l  p i g  i n  t he  Hawaiian f o r e s t  i s  
the  Haputu ( ~ i b o t i u m  spp . ) ,  b u t  t h i s  may be given up e n t i r e l y  f o r  
f r u i t s  such a s  banana poka when they a r e  i n  season (:iff i n  1972) . 
F i e l d  observa t ions  by  iff i n  (1 972)- sugges t  t h a t  l a r g e  numbers of 
p i g s  may move moderate d i s t a n c e s  t o  feed  on f r u i t .  P i g s  may even 
hunt agg res s ive ly  f o r  f r u i t  and have been observed grabbing v ines  
and shaking them vigorously u n t i l  t h e  f r u i t  f a l l s ,  whereupon it 
is e a t e n  ( Z i f f i n  1972). Although es t imated  home ranges i n  t he  
f o r e s t  a r e  smal l ,  (one t o  two square mi l e s ) ,  p i g  movements a r e  
o f t e n  random and d e n s i t i e s  s u f f i c i e n t  t o  disseminate  seeds  f a r  
from e s t a b l i s h e d  t r a i l s .  Th i s  o f t e n  r e s u l t s  i n  small  i s o l a t e d  
p l a n t  popula t ions  s c a t t e r e d  throughout remote f o r e s t  a reas .  
On a yea r ly  average, P. moll iss ima was found t o  c o n s t i t u t e  
2 (by volume) of t he  d i e t  of p i g s  censused i n  t h e  Laupahoehoe 
a rea  ( Z i f f i n  1372).  A s  P. moll iss ima reaches  i t s  g r e a t e s t  
populat ion d e n s i t y  i n  t h i s  a r e a ,  t h e  f i g u r e  above probably 
r ep re sen t s  t h e  upper l i m i t  i n  t h e  d i e t  of t h e  f e r a l  pig.  I n  
Hawait i  Volcanoes National  Park where p l a n t  d e n s i t i e s  a r e  
considerably lower, Baker (1 975) r e p o r t s  t h a t  only 1.5% of t h e  
d i e t  is composed of banana poka. He does no te ,  however, t h a t  
where P. moll iss ima is p resen t ,  i ts seeds  a r e  abundant i n  p i g  
- 
s c a t s .  
Many game and f o r e s t  b i r d s ,  bo th  e x o t i c  and t o  a l e s s e r  
e x t e n t  n a t i v e ,  l i k e l y  d i s p e r s e  seeds  of P a s s i f l o r a  mollissima and 
may be respons ib le  f o r  t he  es tab l i shment  of i s o l a t e d  populat ions.  
C a t t l e  (BOS - t a u r u s  L . )  and horses  ( ~ ~ u u s  c a b a l l u s  L.)  may a l s o  
c o n t r i b u t e  t o  the spread of t h i s  spec ies .  
Associat ion with F o r e s t  Disturbance 
Vines commonly e x h i b i t  r ap id  growth following canopy 
d is turbance  r e s u l t i n g  i n  a dense t ang le  of vege ta t ion  which 
smothers undergrowth ( ~ a c k s o n  1956; Nicholson 1365; Ogawa e t  a l .  
1965a,b; Kochummen 1955; Fox 1968; N e i j e r  1970). T h i s  s i t u a t i o n  
is most prominent i n  t r o p i c a l  r eg ions  where v ines  a r e  a  
s i g n i f i c a n t  component of many vegeta t ion  types  ( ~ i c h a r d s  1952; 
Ogawa e t  a l .  1965b). Seve ra l  s t u d i e s  of  n a t i v e  f o r e s t  
communities i n  Hawai ' i  have ind ica t ed  t h a t  spread and dominance 
of banana poka, a n  oppor tun i s t i c  spec i e s ,  is aided by f a c t o r s  
which tend t o  d i s t u r b  the  over and understory vege ta t ion  ( Jacobi  
and Warshauer 1975; Scowcroft and Nelson 1976; Mueller-Dombois e t  
a l .  1977; Burton 1980b) . 
I n  a  s tudy of Acacia - koa regenera t ion  fol lowing logging i n  
t h e  Laupahoehoe F o r e s t ,  Scowcrof t and Nelson (1 976) concluded 
t h a t  a l though seed germination, s eed l ing  d e n s i t y  and seed l ing  
es tab l i shment  of koa were g r e a t l y  enhanced by canopy and ground 
d is turbance  a s s o c i a t e d  wi th  logging, s a p l i n g s  were unable t o  
outcompete i n d i v i d u a l s  of P a s s i f l o r a  mollissima. Banana poka 
occurred i n  80% pe rcen t  of t h e  s tudy p l o t s  and much of t h e  
regenera t ion  was completely smothered by v ines  w i th in  f o u r  years .  
I n  a  r e p o r t  on the  ' ohi '  a  dieback phenomenon i n  Hawai' i, 
Mue l l e~Domboi s  e t  a 1  . (1 980) concluded t h a t  P. moll iss ima ( c i t e d  
a s  - -  P. mixta) was a  p o t e n t i a l l y  damaging e x o t i c  which could 
" s i g n i f i c a n t l y  i n t e r f e r e  wi th  t h e  reproduct ive  cyc l e  of n a t i v e  
f o r e s t  p l a n t s  i f  allowed t o  become abundant." 'Ohi ' a  dieback 
r e s u l t s  i n  the  synchronous dea th  of l a r g e  numbers of i nd iv idua l s  
g r e a t l y  reducing canopy cover and encouraging t h e  growth of 
he l iophy t i c  spec i e s ,  such a s  banana poka. 
J acob i  and Warshauer (1975) noted a  r a p i d  inc rease  i n  
abundance of  banana poka i n  the  'Ola'  a  T r a c t  ( ~ a w a i i  Volcanoes 
Nat iona l  pa rk ) .  They emphasized t h a t  P. moll iss ima could pave 
t h e  way f o r  t h e  invasion of o t h e r  l igh t - lov ing  e x o t i c s  i n  an  
otherwise c losed  f o r e s t .  Shallow rooted  emergents such a s  
- 
Metrosideros c o l l i n a  and Cheirodendron trigynum e a s i l y  topple  
under t h e  weight of mature v ines ,  l eav ing  gaps i n  t h e  canopy. 
The a d d i t i o n a l  l i g h t  a v a i l a b l e  encourages t h e  growth of 
he l iophytes ,  both n a t i v e  and e x o t i c ,  i n  t he  understory.  
Burton (1 980b) s tud ied  t h e  e f f e c t s  of experimental  canopy 
removal on e x o t i c  spec i e s  invas ion  i n  t he  'Ola '  a  T rac t .  H i s  
r e s u l t s  i n d i c a t e  t h a t  e x o t i c  weed invas ion  was p ropor t iona l  t o  
increased  l e v e l s  of i r r a d i a n c e  reaching t h e  f o r e s t  f l o o r .  
Biomass and cover  of weeds p re sen t  a t  t he  onse t  of t h e  s tudy 
increased  fo l lowing  canopy removal. Many spec i e s ,  p a r t i c u l a r l y  
annuals ,  showed a  dec l ine  i n  biomass over  one year  b u t  
P. moll iss ima exh ib i t ed  a  s teady inc rease  i n  cover  wi th  time t o  
- 
an es t imated  value of one percent  of t he  t o t a l  cover  wi th in  one 
year.  
Ground d is turbance  by f e r a l  p i g s  may g ive  a competi t ive 
advantage t o  s eed l ings  and a d u l t s  of P. mollissima. Previous  
s t u d i e s  of n a t i v e  and e x o t i c  s p e c i e s  i nxe rac t ions  fol lowing p i g  
roo t ing  i n d i c a t e  t h a t  under condi t ions  of eco log ica l  s t r e s s  which 
accompany roo t ing ,  e x o t i c  spec i e s  a r e  o f t e n  b e t t e r  competi tors  
(~amoureux and Sternmerman 1375; Warshauer 1375; Smith and Diong 
1377) . I n  a s tudy  of a subalpine grass land  on Maui ( ~ a c o b i  
1381 ) ,  n a t i v e  spec i e s  competed equal ly  i n  p ig  d is turbed  a r e a s ,  
bu t  wi th  cont inued d is turbance  over t ime, t h e  absolu te  cover  of 
s e v e r a l  e x o t i c  spec i e s  i n  t he  a r ea  increased  while the  cover of 
n a t i v e  spec i e s  decreased. These r e s u l t s  concur with Spatz  and 
Mueller-Dombois (1 975). 
P i g  r o o t i n g  may r e s u l t  i n  severe d is turbance  t o  e x i s t i n g  
s o i l  and vegeta t ion .  Exo t i c s ,  commonly p ioneer  spec i e s  i n  t h e i r  
n a t i v e  h a b i t a t s ,  a r e  o f t e n  b e t t e r  a b l e  t o  co lonize  t h e s e  
d i s tu rbed  a reas .  I n  some cases  they  may p e r s i s t  wi th  t ime,  
excluding o r  s e r i o u s l y  reducing n a t i v e  spec i e s '  populat ions.  
Becking (1970, i n  Smith and Diang 1977) r e p o r t s  t h a t  regenera t ion  
of t h e  dominant n a t i v e  t r e e  spsc i e s ,  Acacia koa and Metrosideros 
c o l l i n a  is  extremely slow i n  a r e a s  of p i g  d is turbance  and s e v e r a l  
au tho r s  have noted t h a t  p ig  roo t ing  may l i m i t  r egenera t ion  of 
both s p e c i e s  t o  ep iphy t i c  i nd iv idua l s  (cooray a374; J a c o b i  and 
illarshauer 1975; Burton and Nueller-Bornbois 1982). The 
de t r imen ta l  e f f e c t  of t h i s  competi t ion on long term f o r e s t  
success ion  i s  an  important  problem i n  Hawaiian f o r e s t  ecology 
today. 
H i s to ry  of Control  Measures i n  Hawai' i 
Seve ra l  small  s c a l e  p r o j e c t s  aimed a t  c o n t r o l  of banana poka 
i n  Hawai ' i  were i n i t i a t e d  by t h e  Department of Land and Natura l  
Resources,  D iv i s ion  of  F o r e s t r y ,  i n  t h e  e a r l y  1970's .  The 
r e s u l t s  of many of these  p r o j e c t s  were inconclusive.  The f i r s t  
e f f o r t  by f o r e s t e r s  involved a t e s t  o f  va r ious  h e r b i c i d e s  
including 2,4-D, Tordon 212 and Paraquat .  Although a l l  proved 
e f f e c t i v e  a g a i n s t  P. mollissima the  lack  of s e l e c t i v i t y  of t hese  
he rb i c ides  represented  a danger t o  n a t i v e  p l a n t s  growing i n  t h e  
a r ea  and t h e  p r o j e c t  was abandoned a s  un feas ib l e  ( ~ a n d g r a f  1971; 
Cusse t 1975 ) . 
After  r e j e c t i n g  chemical c o n t r o l  methods, f o r e s t e r s  began t o  
look f o r  p o t e n t a i l l y  damaging b i o l o g i c a l  agen t s  occurr ing  i n  
3awa i ' i .  Seve ra l  s p e c i e s  of A l t e rna r i a ,  an  imperfect  fungus, 
were discovered a t t a c k i n g  the  f lowers  and f r u i t s  of i nd iv idua l s  
of ?. mollissima i n  t he  Hua la l a i  a r ea  (~aerrimlen 1371 ) . The fung i  
were repor ted  a s  q u i t e  harmful t o  P. moll iss ima b u t  t h e  e x t e n t  of 
damage by t h e s e  organisms was never assessed.  A l t e r n a r i a  spp. 
a r e  a l s o  repor ted  a s  pathogens on P. moll iss ima i n  o t h e r  a r e a s  of 
its range,  where they have been a l i m i t i n g  f a c t o r  i n  f r u i t  
product ion (~nonvmous 1952; J a r a m i l l o  1957).  I n  1973, a s c a l e  
i n s e c t  ( ~ e r o p l a s t e s  c e r r i p i d i f o r m i s  Comstock; barnac le  s ca l e )  was 
found on P.  rnollissima. Attempts a t  c u l t i v a t i o n  of t h i s  s c a l e  
f o r  biologTcal  c o n t r o l  were unsuccessful  and l a t e r  discont inued.  
To d a t e ,  no follow-up work has been done on these  organisms. 
L a t e r ,  Agraul is  v a n i l l a e  L . ,  a member of t h e  Hel iconi idae  
(pass ion  v ine  b u t t e r f l y ;  ~ e ~ i d o ~ t e r a )  and a n  a c c i d e n t a l  
i n t roduc t ion  t o  Hawai' i , showed promise a s  a c o n t r o l  agent .  
Af te r  its in t roduc t ion ,  populat ion growth was explos ive  and 
i n d i v i d u a l s  were commonly observed a t  low e l e v a t i o n s  on 
P a s s i f l o r a  suberosa and P. f o e t i d a .  Cont ro l led  s t u d i e s  on the  
feeding  h a b i t s  of t h i s  spec i e s  i n  Hawai ' i  showed t h a t  A .  v a n i l l a e  
would feed on s e v e r a l  spec i e s  of P a s s i f l o r a ,  inc luding  P. 
- 
mollissima ( ~ u r a i  1977; Nakahara 1977). 
An a t tempt  t o  in t roduce  t h i s  organism i n t o  Kokeqe, Kaua ' i  t o  
c o n t r o l  banana poka has no t  been successfu l .  A r a u l i s  v a n i l l a e  
is  we l l  e s t a b l i s h e d  and abundant on P. m a n i c a t a k  Pe r s . ,  a  
s t e r i l e  c u l t i v a r  growing i n  t he  ~ o k e ' e  a r e a ,  b u t  no b u t t e r f l i e s  
were found ov ipos i t i ng  on P. moll iss ima nor  were l a rvae  observed 
feeding  on any p a r t  of txe  p l a n t  ( ~ i a n c h i  1379). The lack  of 
preda t ion  by Agraul i s  v a n i l l a e  on ind iv idua l s  of P. moll iss ima i n  
t h e  wild,  coupled wi th  t h e  in t roduc t ion  t o  Cawai1 i ,  i n  t h e  
e a r l i e r  p a r t  of t h i s  century ,  o f  numerous p a r a s i t e s  on 
Lepidoptera  l a rvae ,  sugges ts  t h a t  t h i s  s p e c i e s  may n o t  be a  
succes s fu l  b io-cont ro l  agent .  Whereas t he  a s s o c i a t i o n  of t h i s  
group of t h e  Lepidoptera  Mith members of t h e  genus P a s s i f l o r a  is 
we l l  documented f o r  Cent ra l  and South America, where both p l a n t  
and i n s e c t  a r e  n a t i v e  ( ~ i l b e r t  1975; Benson e t  a l .  1976; Benson 
1975),  t h e i r  e f f e c t i v e n e s s  a s  b i o l o g i c a l  c o n t r o l  agents  under 
Hawaiian cond i t i ons  is  unce r t a in  b u t  warran ts  f u r t h e r  s tudy 
( ~ a a g e  e t  a l .  1981).  
The f i r s t  s e r i o u s  a t tempt  a t  b i o l o g i c a l  c o n t r o l  r e sea rch  
appeared i n  t h e  form of a l e g i s l a t i v e  proposal  t o  app ropr i a t e  
money t o  s ea rch  f o r  a n  agent  i n  t h e  n a t i v e  range of  P .  
mollissima. T h i s  measure d id  n o t  pass  t h e  1980 l e g i s l a t u r e  b u t  
subsequent ly passed i n  1981. I n  t he  same year ,  t h e  Hawaii Dept. 
o f  Land and Natura l  Resources,  Div. of F o r e s t r y ,  t h e  I n s t i t u t e  of 
P a c i f i c  I s l a n d  F o r e s t r y  and t h e  Nat iona l  Park Se rv i ce  have 
i n i t i a t e d  a  j o i n t  r e sea rch  p r o j e c t  t o  s tudy t h e  p o t e n t i a l  f o r  
b i o l o g i c a l  c o n t r o l  of P. moll iss ima i n  Hawai ' i .  
SUMMARY AND CONCLUSIONS 
Many t r o p i c a l  l i a n a s  a r e  fast-growing he l iophytes ;  fol lowing 
a  d is turbance  t o  t he  canopy, a  d r a s t i c  i nc rease  i n  l i a n a  biomass 
and l e a f  a r e a  i s  f r equen t ly  observed. Although l i a n a s  a r e  
important  components of undisturbed,  primary f o r e s t s ,  evidence 
gathered t o  d a t e  sugges ts  t h a t  t h e  p e r s i s t e n c e  of dense l i a n a  
t a n g l e s  is l a r g e l y  r e s t r i c t e d  t o  open a r e a s  wi th  a  h i s t o r y  of 
repea ted  d i s tu rbances  (tdebb 1958; Dawkins 1951 ; Budowski 1955 ; 
Crow 1980).  
Hawaiian montane f o r e s t s  a r e  s t r u c t u r a l l y  simple and lower 
i n  s p e c i e s  d i v e r s i t y  than many t r o p i c a l  f o r e s t s .  Frequent ly ,  
canopies  a r e  r a t h e r  open and l i g h t  l e v e l s  a t  t he  f l o o r  of many 
f o r e s t s  exceed those  found i n  o t h e r  t r o p i c a l  f o r e s t s  ( ~ u r t o n  and 
Mueller-Dombois 1382).  Disturbance by man and f e r a l  animals has 
become commonplace i n  Hawaiian f o r e s t s  and e x o t i c  s p e c i e s  
f r equen t ly  compete wi th  n a t i v e s  f o r  dominance i n  t hese  a reas .  
P a s s i f l o r a  moll iss ima,  a woody cl imber  from the  Andes, has 
succes s fu l ly  invaded both d i s tu rbed  and undisturbed f o r e s t s  in 
' iawai ' i  and- is con t inua l ly  extending i ts  range pr imar i ly  with t h e  
a i d  of  e x o t i c  d i s p e r s a l  agents .  The need f o r  con t ro l  of t h i s  
aggress ive  s p e c i e s  has been recognized by f e d e r a l  and s t a t e  
agencies .  
CHAPTER TWO 
MORPHOLOGICAL VARIATION I N  THE 
INTRODUCED VINE, PASSIFLORA MOLLISSIIYA (HRK . ) BAILEY 
I N  H A W A I ' I  
INTRODUCTION 
The l i a n a  P a s s i f l o r a  mollissima (HBK.) Bai ley  i s  ex tens ive ly  
c u l t i v a t e d  i n  t h e  South American Andes and has been introduced t o  
many sub t rop ica l  and t r o p i c a l  mountainous a reas .  Considerable  
morphological v a r i a t i o n  e x i s t s  over  t h e  wide l a t i t u d i n a l  and 
a l t i t u d i n a l  range of  t h i s  spec ies .  
Reproductive b a r r i e r s  between spec i e s  of P a s s i f l o r a  subgenus 
Tacsonia a r e  weakly developed and - P. mollissima hybr id i zes  
n a t u r a l l y  wi th  the  c lose ly - r e l a t ed  taxa ,  P. cumbalensis ( ~ a r s t . )  
Harms, P. mixta L. f . ,  P. i n n a t i s t i p u l a  Cav. and P. t r i p a r t i t a  
( suss . )  P o i r ,  i n  variGus pirts of i ts  range, prod<cing f e r t i l e  
o f f  sp r ing  ( ~ i l l i ~  1938; Escobar 1980).  C u l t i v a r s  and wild 
popula t ions  which a r e  morphologically and/or eco log ica l ly  
d i s t i n c t  have been noted b u t  no s u b s p e c i f i c  taxa  have been 
formally descr ibed  ( ~ e e l k o ~ f  e t a l .  1962; Escobar 1980; Pemberton 
pers .  comm.) . One taxon, o r i g i n a l l y  descr ibed  a s  a spec i e s ,  was 
l a t e r  reeva lua ted  and designated a hybrid,  - P. X r o sea  ( ~ a r s t . )  
K i l l i p  ( ~ i l l i ~  1933). 
Escobar (1980) noted t h a t  t h e  morphological v a r i a b i l i t y  of  
P. moll iss ima and f r equen t  hybr id i za t ion ,  o f t e n  followed by 
- 
i n t r o g r e s s i o n ,  has  produced i n d i v i d u a l s  which a r e  " d i f f i c u l t  t o  
keyH. S i m i l a r  problems wi th  t h e  i d e n t i f i c a t i o n  of - P. moll iss ima 
and r e l a t e d  s p e c i e s  a r e  found i n  a r e a s  where they  have been 
introduced and have subsequently become na tu ra l i zed .  E a s t  
Afr ican  m a t e r i a l  i d e n t i f i e d  a s  P. moll iss ima comprises two e a s i l y  
segrega ted  forms: t y p i c a l  P. moll iss ima and an undescribed form 
which i s  poss ib ly  a hybr id  with some r e l a t e d  s p e c i e s  (de  Wilde 
1975).  S i m i l a r l y  i n  New Zealand, two d i s t i n c t  forms, one 
n a t u r a l i z e d  and another  widely c u l t i v a t e d  f o r  i t s  f lowers  and 
f r u i t ,  a r e  known by the  name - P. moll iss ima (young 1970).  
Green' s (1 972) key t o  the  n a t i v e  and n a t u r a l i z e d  spec i e s  of 
P a s s i f l o r a  i n  Aus t r a l i a  and the  P a c i f i c  does n o t  inc lude  P .  
moll iss ima,  however, specimens of P . mixta,  a v a r i a b l e  specie<, 
c l o s e l y  resemble t h e  Hawaiian mazer ia l  of P .  - mollissima. A 
s i m i l a r  "type" is found i n  New Guinea. 
The Hawaiian ma te r i a l  has  been c a l l e d  P.  mollissima o r  
P . mixta. Fosberg (1 975) noted t h a t  t h e  taxon 'Tound i n  Hawai' i 
- -  
was n o t  an exac t  match with e i t h e r g .  moll iss ima o r  P. mixta b u t  
was " c l o s e s t  t o  Tacsonia q u i t e n s i s  Benth." (synonomous wi th  
P. mixta) . The name P. mixta was subsequently used i n  some 
- -  
e a r l y  pub l i ca t ions  ( ~ u e i l e r - ~ o m b o i s  1975; Mueller-Dombois e t  a l .  
1980).  Specimens from Hawai ' i  were i d e n t i f i e d  a s  P. mollissima 
by T i l l e t  (1376) who suggested they may well  r ep re sen t  a hybrid 
o r  i n t rog res sed  form. 
The a t y p i c a l  morphology of t h e  Hawaiian r e p r e s e n t a t i v e s  of 
P. mollissima has led  t o  unce r t a in ty  and disagreement about  t he  
.- 
i d e n t i t y  and na tu re  of t he  taxon found i n  Hawai ' i .  Cont ro l  of 
t h i s  e x o t i c ,  weedy l i a n a  i n  Hawaiian f o r e s t s  w i l l  be dependent 
upon a succes s fu l  b i o l o g i c a l  con t ro l  program which, i n  t u r n ,  is 
dependent upon t h e  i n t roduc t ion  of a h ighly  hos t - spec i f i c  
p reda to r  o r  pathogen ( ~ o s c h  & Messenger 1973).  Detern ina t ion  of 
t h e  c o r r e c t  taxonomic s t a t u s  of t he  va r ious ly  named Hawaiian 
tsxon is a  c r i t i c a l  i n i t i a l  s t e p  i n  any b i o l o g i c a l  c o n t r o l  work. 
XATRRI 4LS AND METHODS 
The fol lowing morpholagical c h a r a c t e r s  were measured on 
f r e s h  specimens of a random sample of one hundred ind iv idua l s  of 
P. mollissima: maximum length  and width of  s t i p u l e s ,  l ea f  
- 
blades ,  s epa l s ,  p e t a l s ,  f r u i t  and seeds;  maximum l e n g t h  and 
diameter  of  hypanthium, maximum leng th  of  trichomes, p e t i o l e s ,  
peduncles,  b r a c t s  and subterminal  a r i s t a  ( o f  s epa l s )  ; number of 
stamens, s t igmas,  g lands  p e r  p e t i o l e  and seeds  per  f r u i t .  I n  
a d d i t i o n ,  f r e s h  and d r i e d  p l a n t s  from S a w a i ' i  were examined and 
the  genera l  form and v a r i a b i l i t y  i n  q u a l i t a t i v e  c h a r a c t e r s  such 
a s  e x t e n t  and type of v e s t u r e ,  f l o r a l  morphology and t h e  
at tachment  of p e t i o l a r  g lands  were noted. These da t a  obtained 
were used t o  prepare a  d e s c r i p t i o n  of t he  Hawaiian population. 
Th i s  d e s c r i p t i o n  was compared wi th  a  photograph (NY ! )  of t h e  
i so type  of P. moll iss ima (P;  holotype a t  B e r l i n  destroyed-Escobar 
1380) and 64 specimens of South American o r i g i n  obtained from t h e  
he rba r i a  of the Srnithsonian I n s t i t u t i o n ,  chicago F i e l d  Museum and 
t h e  New York Botanica l  Gardens. The Hawaiian ma te r i a l  was a l s o  
compared t o  t h e  o r i g i n a l  spec i e s  d e s c r i p t i o n ,  by Humboldt, 
Bonpland and Kunth (1317),  o f  t h i s  taxon and more r e c e n t  
d e s c r i p t i o n s  by K i l l i p  (1 938) and Escobar (1 980).  An a d d i t i o n a l  
220 specimens of t hose  s p e c i e s  which hybr id ize  wi th  
P. moll iss ima,  
- 
inc luding  P. mixta 
- -9 P. cumbalensis,  
P. p i n n a t i s t i p u l a ,  and P. t r i p a r t i t a ,  were a l s o  examined. 
- - 
Specimens from New Zealand ( c i t e d  by Young 1973) and E a s t  
Afr ica  were obtained from the  Herbarium of t h e  Auckland I n s t i t u t e  
and Museum and t h e  E a s t  African Herbarium, r e s p e c t i v e l y ,  and 
compared wi th  Hawaiian ma te r i a l .  
Specimens of P a s s i f l o r a  moll iss ima,  c o l l e c t e d  on Hawai ' i  and 
Kaua' i, were s e n t  t o  D r .  L.  K.  Escobar,  i n  Colombia, f o r  
i d e n t i f i c a t i o n .  
RESULTS 
The Hawaiian P a s s i f l o r a  mollissima i s  a  morphologically 
v a r i a b l e  taxon b u t  most q u a n t i t a t i v e  c h a r a c t e r s  which were 
measured f a l l  wi th in  the  range of South American popula t ions  of 
t h i s  taxon ta able I ) .  Although Hawaiian m a t e r i a l  i s  similar t o  
P .  mixta. wi th  which it has been confused, it i s  c l o s e s t  t o  
P. moll iss ima 
- 
Major q u a n t i t a t i v e  d i f f e r e n c e  between 
t he  Hawaiian populations and those of South America, include a 
s h o r t e r  calyx tube,  longer s e p a l s  and fewer p e t i o l a r  glands 
 able 1 ) i n  t h e  Hawaiian representa t ives .  q u a l i t a t i v e  
d i f ferences  include the general  lack of pubescence on upper leaf  
surfaces  and caducous s t i p u l e s  i n  Hawai'i. A complete 
descr ip t ion  of the Hawaiian rep resen ta t ives  follows. 
Pass i f  l o r a  mollissima (HBK. ) Bailey 
Liana o r  woody vine, climbing t o  20 meters. E n t i r e  p l a n t s  
sparse ly  t o  densely v i l l o u s  except f o r  t h e  upper l ea f  surfaces  
which a r e  glabrous,  g lab ra te  o r  sparse ly  v i l l o u s  and flowers 
which a r e  glabrous; ves ture  composed of s t r a i g h t  t o  wavy, 
t ransparent ,  c o l o r l e s s  t o  golden trichomes, mostly 3.4-0.5 mm 
long. Stems t e r e t e  , s t r i a t e .  S t i p u l e s  caducous, f  o l i a r ,  
subreniform, 0.5-2.0 mm wide and 4.0-7.0 mm long, acuminate, 
a r i s t a t e ,  glandular-dentate. Leaf blades cordate a t  base, ( 5 .  I -) 
12.1 (-18.7) cm long, (3.1-) 17.8 (-29.5) cm wide, three-lobed 
from one-half t o  g r e a t e r  than three-fourths t h e i r  length,  lobes 
lanceola te  t o  ovate,  spreading, ap ices  and s inuses  acute ,  
glandular-denticulate a t  margins, coriaceous,  major ve ins  
impressed on upper surface  and prominent on lower surface,  lower 
surface  usual ly  densely v i l l o u s ,  upper surface  usually g labra te .  
P e t i o l e s  cana l i cu la te ,  ( I . )  3.3 (-6.7) cm long, bearing on 
t h e i r  pos te r io r  surface  4-9 obscure, s e s s i l e  t o  subsess i l e  
glands, occasionally wanting. Peduncles s lender ,  v i l l o u s ,  (1.5-) 
3.6 ( - 6 . 6 )  cm long. Bracts  ovate,  (3.3-) 4.2 (-4.9) cm long, 
uni ted  one-fourth t o  one-half t h e i r  length,  margins e n t i r e .  
Flowers s o l i t a r y  i n  l ea f  a x i l s ,  pendant, glabrous; calyx 
tube c y l i n d r i c a l ,  (0.8-) 1.0 (-1.2) cm i n  diameter,  (4.7-) 7.3 
(-8.0) cm long, d i l a t e d  a t  base, o l i v e  green and occasionally 
red- t inged without,  white within; sepa l s  5 ,  obovate, (3.8-) 5.2 
(-5.9) cm long, (1.4-) 1.9 (-2.5) cm wide, apices  taper ing  with a 
subterminal a r i s t a  2mm long, pa le  pink t o  magenta; p e t a l s  5 ,  
subequal t o  s e p a l s  and s i m i l a r  bu t  lacking a r i s t a e ;  pe r i an th  
reflexed during anthes is ;  corona i n  one s e r i e s ,  a purple band 
with white tube rc les  o r  crenula t ions ,  operculum white, dependent: 
stamens 5 ,  v e r s a t i l e ;  ovary oblong, downy; p lacenta t ion  p a r i e t a l ;  
stigmas 3 ,  discoid.  
F r u i t  e l l i p t i c  t o  ovate,  (7.3-) 9.9 (-13.2) cm long, (2.4-) 
3 .'I (-4.1 ) cm wide, yellow a t  maturi ty with s o f t ,  downy, lea thery  
per icarp ,  l e s s  f requent ly  green a t  maturi ty with a tough, 
glabrous l ea the ry  pericarp.  Seeds a r i l a t e ,  broadly obovate, (5-) 
5 (-7) mm long, 4 (-5) rnm wide, l a t e r a l l y  compressed, 
r e t i c u l a t e l y  p i t t e d  on both s i d e s ,  dark brown a t  maturi ty,  (44-) 
1'40 (-200) pe r  f r u i t ;  a r i l s  f l e shy  , t r ans lucen t ,  orange. 
D I S C U S S I O N  
The above desc r ip t ion  of the  Hawaiian population of  
P a s s i f l o r a  mollissima genera l ly  agrees with Degener e t  a l .  
(1973). Values presented here usual ly  approximate Degener e t  
a l e ' s  mean, except f o r  the  number of p e t i o l a r  glands, which was 
found t o  be fewer and more var iable  i n  t h i s  study. I n  add i t ion ,  
the  cu r ren t  study denotes the v a r i a b i l i t y  i n  severa l  q u a n t i t a t i v e  
charac ters .  
A comparison of the  morphology of the  Hawaiian mater ia l  and 
South American populations of P. mollissima reveals  t h a t  most 
charac ters  of the former f a l l  wixhin the  range of charac ters  of 
P. mollissima, a s  most recent ly  del imited by Escobar (1 930). 
- 
Escobar 's  work i s  supported by extensive f i e l d  observations i n  
South America. The qua&ita t ive  cha rac te r s  of Hawaiian and South 
American populations i l l u s t r a t e  the  inherent  morphological 
v a r i a b i l i t y  i n  t h i s  taxon  able 1 ) .  Cer ta in  charac ters  ( l e a f  
length and width, peduncle and f r u i t  length and per ianth  s i z e )  
e x h i b i t  a wide range of values i n  both geographic areas .  
Generally, cha rac te r s  a r e  more cons tant  within the  Hawaiian 
mater ia l ,  with the exception of severa l  ( l e a f  width, p e t i o l e  and 
f r u i t  length) which a r e  more var iable  and on the  average, 
s l i g h t l y  l a r g e r  i n  Hawai'i. The s l i g h t l y  l a r g e r  s i z e  sf leaves,  
s e p a l s  and p e t a l s  i n  the  Hawaiian populat ion may be an a r t i f a c t  
of sampling techniques: only f r e s h  specimens were measured i n  
'4awai1i, however, well-prepared herbarium mate r i a l  undergoes 
minimal shrinkage. 
The nature  of t h e  fused calyx tube,  o r  hypanthium, 
p a r t i c u l a r l y  the  r a t i o  of its length t o  t h a t  of the  f r e e  s e p a l s  
(and p e t a l s ) ,  is  o f t en  a d iagnost ic  cha rac te r  i n  the  subgenus 
Tacsonia (Escobar 1980). This  r a t i o  d i f f e r s  i n  t y p i c a l  Hawaiian 
and South American specimens: i n  Hawai'i ,  t he  r a t i o  is  invar iably  
below 1 .?:I while i n  South America it ranges from 2:l t o  3:l 
( ~ i l l i ~  1938; Escobar 1980). This  d i f f e rence  r e s u l t s  i n  a 
divergence i n  the  general  appearance of flowers from the  two 
a reas  ( ~ i g s .  1-2) .  Flowers with r e l a t i v e l y  s h o r t  calyx tubes,  
d i l a t e d  a t  the base and long ( f ree )  sepa l s  which a r e  ref lexed a t  
an thes i s  ( ~ i ~ .  1 ) a r e  c h a r a c t e r i s t i c  of the  Hawaiian population 
and t h e  most common form observed i n  Peru and Ecuador (Escobar 
1980; Pemberton pers. comm.). Although q u i t e  va r i ab le  throughout 
the  na t ive  range, typ ica l  South American f l o r a l  morphology i s  not 
known from Hawai'i. The a t y p i c a l  f lowers of t h e  Hawaiian 
population have undoubtedly been responsible f o r  much of the  
confusion surrounding the  i d e n t i t y  of t h i s  taxon. 
While leaf  s i z e  and shape a r e  va r i ab le  i n  Hawai'i  and South 
America, leaves a r e  general ly more deeply-lobed and lobes more 
lanceola te  (vs.  ovate--Figs. 1-2) i n  the  Hawaiian population. I n  
South America, leaves a r e  typ ica l ly  densely pubescent on both 
surfaces ,  b u t  glabrous upper leaf  su r faces  occasionally occur 
( ~ i l l i ~  1933; Escobar 1980). Upper l ea f  surfaces  a r e  invar iably  
glabrous o r  glabrescent  i n  Hawai'i. This  l a t t e r  charac ter  
probably misled workers t o  i d e n t i f y  the  Hawaiian taxon a s  
~ a s s i f l b r a  mix ta ,  which is. s imi la r  i n  morphology t o  P. mollissima 
but  general ly has glabrous upper leaf  surfaces.  
Several  add i t iona l  d iscrepancies  deserve note. The l a rge ,  
prominent s t i p u l e s  c h a r a c t e r i s t i c  (and diagnost ic)  of P a s s i f l o r a  
mollissima a r e  s imi la r  i n  form i n  both populations b u t  a r e  
genera l ly  p e r s i s t e n t  i n  South America and invar iably  caducous i n  
Hawai1 i.. ~ e t i o l a r  glands a r e  fewer i n  number, more obscure and 
more dimunitive i n  the Hawaiian population; occasionally they 
a r e  absent.  F ina l ly ,  ind iv idua l s  from South America a r e  
genera l ly  densely pubescent on a l l  sur faces  (except  flowers).  I n  
con t ras t ,  t he  pubescence is of ten  missing o r  sparse  on Hawaiian 
p lants .  
When South American mate r i a l  was examined f o r  the  presence 
and frequency of the  a t y p i c a l  cha rac te r s  described above, one 
specimen out  of 64 was considered a good match with the  Hawaiian 
mater ia l  ( s t o r k  & Horton 9949, F! ; from ~ e r u )  . The frequency of 
-- 
s i n g l e  a t y p i c a l  cha rac te r s  was higher. For example, twenty 
percent  of t h e  specimens had glabrous upper l ea f  surfaces ,  t e n  
percent  had lanceola te  l ea f  lobes, th ree  percent  had caducous 
s t i p u l e s .  
The general  s i m i l a r i t y  between the  Hawaiian rep resen ta t ives  
and P. mollissima a s  del imited by Escobar (1980) and t h e  
exis tence  of a South American specimen which matches the  Hawaiian 
type have led  me t o  conclude t h a t  the  taxon i n  Hawai'i i s  P. 
mollissima sensu l a t o  and l i k e l y  o r ig ina ted  from the  southern 
por t ion  of  the  r a n s p e r u ) .  The lack of v a r i a b i l i t y  of c e r t a i n  
charac ters  which d i s t i n g u i s h  the  Hawaiian form probably 
represents  a highly inbred l i n e  from a very small number of 
i n i t i a l  propagules. Support f o r  t h i s  hypothesis  comes from 
Escobar (pers .  comm.) , who noted t h a t  Hawaiian specimens ( ~ a ~ o s a  
104, 112-BISH) were a t y p i c a l  bu t  r ep resen ta t ive  of t h e  area  
around Paucartambo Peru. Other evidence (chap te r  3) i n d i c a t e s  
t h a t  the  i n v a r i a b i l i t y  of the Hawaiian mate r i a l  i s  not  due t o  
apomictic f r u i t  s e t .  A s  e a r l i e r  described by K i l l i p  (1 939) and 
Humboldt, Bonpland and Kunth ( l817) ,  P. mollissima represented a 
more narrowly circumscribed taxon thaz  t h a t  described by Escobar 
(1980). 
Although l e s s  l i k e l y ,  that morphological d i f f e rences  i n  the  
Hawaiian representa t ives  could have a r i s e n  through hybridizat ion,  
a s  suggested by T i l l e t  (1976), cannot be ru led  out  by t h i s  study. 
P a s s i f l o r a  t r i p a r t i t a  shares  the  following morphological 
cha rac te r s  with the  Hawaiian taxon, suggest ing t h a t  it could be 
the  pu ta t ive  parent: glabrous upper l ea f  surfaces ,  e a r l y  caducous 
s t i p u l e s ,  linear-oblong leaf  lobes,  swollen base of the  calyx 
tube, p e t i o l e s  lacking glands (on r a r e  occasions) and orange 
succulent  a r i l s .  
Brief  mention should be made of the  s i m i l a r i t y  between the  
Hawaiian rep resen ta t ives  of P. mollissirna and severa l  forms of 
Pass i f  l o r a  introduced t o  o ther  P a c i f i c  areas .  Although k e e n  
(1 972) considered a l l  P a c i f i c  taxa ( inc luding Hawaiian) i n  t h i s  
complex a s  forms of the va r i ab le  P. mixta, the  Hawaiian form is 
c l o s e s t  t o  - P. mollissima. A s  t he re  has been considerable 
confusion between P. mollissirna and P. mixta,  the  taxa  a r e  here 
d i s t i ngu i shed .  ~ Z s s i f  l o r a  mixta may be  d i s t i ngu i shed  from 
P. moll iss ima by i ts longer ,  pubescent calyx tube ,  s t o u t  
- 
peduncles which bea r  e r e c t  o r  ho r i zon ta l  f lowers ,  s l i g h t l y  longer  
coronal  f i l amen t s ,  f r u i t  which a r e  green a t  matur i ty  and have a 
tough, l ea the ry  pe r i ca rp  and scan t  yel lowish o r  pa le  orange a r i l s  
m d  i t s  much smal le r  seeds   a able 1 ) ( ~ i l l e t  1975; Escobar 1980; 
Pemberton pers.  cornm) . 
Many of t h e  u n i d e n t i f i e d  forms from New Zealand and E a s t  
Af r i ca  a r e  s i m i l a r  t o  Hawaiian m a t e r i a l  and probably r e p r e s e n t  
forms of P. moll iss ima r a t h e r  than P. mixta.  specimens from New 
ZeaPand ineluded t h r e e  d i s t i n c t  forms: t y p i c a l  P. mixta,  t y p i c a l  
P .  moll iss ima and a form known by nurserymen i n  t h e  a r e a  as  
- 
yellow banana pass ion  f r u i t  o r  P. moll iss ima,  which is  a good 
match wi th  the  Hawaiian ma te r i a l .  E a s t  Afr ican ma te r i a l  ( ~ e n y a )  
was r e p r e s e n t a t i v e  of t y p i c a l  P. moll iss ima,  a form s i m i l a r  t o  
t h e  9Iawaiian typetf and an i n t e k e d i a t e  f  o m .  A 1  though m a t e r i a l  
from New ~ u i n e a -  was n o t  a v a i l a b l e ,  it is repor ted ly  s i m i l a r  t o  
t h a t  found i n  Hawaif i  r re en 1972). 
I n  conclusion,  t h e  Hawaiian m a t e r i a l  i s  he re in  considered 
P a s s i f l o r a  mollissima sensu l a t o .  
--
CHAPTER THREE 
THE BIOLOGY AND ECOLOGY OF PASSIFLORA MOLLISSIlvIA 
I N  H A W A I ' I  
INTRODUCTION 
P a s s i f l o r a  mollissima i s  a woody cl imber  from t h e  Andean 
highlands (2000-3600 m), ex t ens ive ly  c u l t i v a t e d  f o r  its f r u i t  and 
commonly found as a n  escape; indigenous popula t ions  a r e  
inf requent  and l imi t ed  i n  s i z e  ( ~ s c o b a r ,  pers .  comm.). 
S ince  i ts  in t roduc t ion  t o  Hawai' i e a r l y  i n  t h i s  century ,  
P. moll iss ima has spread r a p i d l y  and now occupies  more than 500 
- 
sq  km (Warshauer e t  a l .  1983).  I n f e s t a t i o n s  range from s c a t t e r e d  
i n d i v i d u a l s  wi th  low cover (105) t o  complete dominance i n  some 
a r e a s  (100% cover) .  Few popula t ions  show any s i g n s  of  
decreasing.  
L i t t l e  i s  known about  t he  l i f e  h i s t o r y  of t h i s  important  
f o r e s t  pes t .  T h i s  study i n v e s t i g a t e s  va r ious  s t a g e s  of t h e  l i f e  
cyc le  and l i f e  processes  which a f f e c t  t he  adap ta t ion  and s u r v i v a l  
of each  s tage .  The information is  then  used t o  p r e d i c t  which 
f a c t o r s  a c t  t o  l i m i t  o r  f o s t e r  t he  spread of P. mollissima. 
General S i t e  Descr ip t ions  
F i e l d  r e sea rch  was conducted i n  t h r e e  a r e a s  on the  i s l a n d  of 
Hawsi ' i  ( ~ i g .  3 ) .  A l l  s i t e s  a r e  l oca t ed  between 1100 and 1850 m 
e l e v a t i o n s  i n  moist ,  (1 000 mm annual  p r e c i p i t a t i o n )  t r o p i c a l  
montane environments cha rac t e r i zed  by cool  temperatures ,  f r equen t  
fog and h igh  r e l a t i v e  humidity. The t h r e e  a r e a s ,  Kaloko, 
Laupahoehoe and 'O la ' a ,  r ep re sen t  major c e n t e r s  of i n f e s t a t i o n  of 
~ a s s i f l o r a  moll iss ima o n - ~ a w a i ' i .  - s i t e s  d i f f e r  p r i n c i p a l l y  i n  
t h e  q u a n t i t y  of the  annual r a i n f a l l  (and seasonal  d i s t r i b u t i o n ) ,  
t h e  degree of  canopy c losu re ,  amount of d i s turbance  and t h e  
degree of  i n f e s t a t i o n .  S i t e  s e l e c t i o n  was a l s o  dependent upon 
ready acces s  and the  presence of s i z a b l e  popula t ions  of P. -
mollissima wi th  a l l  age c l a s s e s  represented .  The gene ra l  
f e a t u r e s  of each s i t e  a r e  descr ibed  below. 
Kaloko 
Kaloko is loca ted  on the  leeward s lope  of M t .  Hua la l a i  from 
1100 t o  1500 m e l eva t ion .  S i t e  acces s  i s  v i a  Kaloko road,  
l oca t ed  1.5 km nor th  of P a l a n i  Junc t ion  o f f  Mamalahoa Highway. 
Topographic r e l i e f  i n  t he  a r ea  is gene ra l ly  l e s s  than  1 5  percent .  
The mean annual temperature averages  14.9 OC. R a i n f a l l  
averages 1000 mm per  year  ( ~ i ~ .  4 )  and i s  c h i e f l y  a r e s u l t  of 
convec t iona l  r a i n s .  Winter kona storms c o n t r i b u t e  most of t h e  
r a i n f a l l  rece ived  during t h e  s h o r t  wet season ( M a r c k ~ u n e )  
 lumenst stock 1957). 
S o i l s  i n  the  a r ea  a r e  c l a s s i f i e d  a s  o x i s o l s  o r  i n c e p t i s o l s .  
An extremely t h i n ,  a c i d i c  4.5-5.0) s tony  muck ( ~ a l a a u  s e r i e s ;  
'%to e t  a l .  1973) under la in  by r e c e n t  ' a ' a  lava  covers  
approximately 50% of the  study area .  Other  po r t ions  a r e  covered 
by s o i l s  of t h e  Puukala and R i loa  s e r i e s  ( s a t 0  e t  a1. 1973).  The 
former i s  a shallow, s l i g h t l y  a c i d i c  (PH 5.1-5.0) s i l t  loam 
unde r l a in  by ash  o r  pahoehoe lava; t h e  l a t t e r  is a s tony muck (PH 
6.6-8.4) under la in  by ' a '  a lava  and occurs  a t  e l e v a t i o n s  below 
1200 m. A 1 1  s o i l s  a r e  h ighly  permeable ( s a t 0  e t  a l .  1973).  
The vege ta t ion  is composed of a c losed ,  t a l l - s t a t u r e d  
Metsosideros c o l l i n a  (J .  R .  & G .   ors st.) Gray f o r e s t  with a 
subcanopy of n a t i v e  . t r ee s ,  inc luding  I l e x  anomala H.  & A . ,  
Coprosma spp. and Myrsine 
Cibotium s p  . , Gouldia 
hawa i i ens i s  T G r a y ) ~ ,  
-- -- 
l e s s e r t i a n a  A .  DC. and an understory of 
t e r m i n a l i s  (H . & A .  ) Wbd. , Psycho t r i a  
S typhe l i a  tameiameiae (cham.) F. Muell. 
- - - 
and Vacciniurn spp. A t  upper e l e v a t i o n s ,  s c a t t e r e d  remnants of 
Acacia - koa Gray f o r e s t s  a r e  i n t e r s p e r s e d  wi th  Metrosideros.  
Exo t i c  g r a s s e s ,  inc luding  Micro lama s t i p o i d e s  ( L a b i l l .  ) R . B r .  
and Holeus l a n a t u s  L . ,  form the  dominant ground cover  except  
where fragmentary ' a l a  lava  is  o v e r l a i n  by very t h i n  s o i l .  I n  
t h e s e  a r e a s ,  a dense cover of bryophytes predominates. The 
r e c e n t  Kaupulehu l a v a  flow (1 801 ) i n t e r s e c t s  t h e  s tudy a rea ,  
extending from the  no r theas t  t o  t h e  sou theas t  corner .  S o i l s  i n  
t h i s  a r e a  a r e  very shallow and rocky (Lalaau s e r i e s )  and the  
vegeta t ion ,  a l though very s i m i l a r  i n  composition, i s  s impler  i n  
s t r u c t u r e  and lower i n  s t a t u r e  than  the  surrounding f o r e s t .  
There is  l i t t l e  d i s turbance  i n  t he  a rea .  Seve ra l  small  
s i t e s  (gene ra l ly  one acre)  were c l e a r e d  f o r  pas tu re  and a r e  
st i l l  r e l a t i v e l y  open compared wi th  surrounding a reas .  Impact 
from road cons t ruc t ion  i n  t h e  1970 ' s  was minimal and e x o t i c  
s p e c i e s  invas ion  i s  r e s t r i c t e d  t o  a narrow c o r r i d o r  on e i t h e r  
s i d e  o f  t h e  road. Few e x o t i c  spec i e s ,  with t h e  except ion of P. 
moll iss ima and s e v e r a l  g ra s ses ,  have invaded the  f o r e s t  i n t e r i o r .  
Damage from f e r a l  p i g s  is sporadic  and l a r g e l y  absen t  from a r e a s  
covered by rough a ' a  lava.  
Laupahoehoe 
The Laupahoehoe study a r e a  l i e s  i n  a seasonal  f o r e s t  wi th in  
the  H i l o  F o r e s t  Reserve on the  exposed, n o r t h e a s t  f l a n k  of  Mama 
Kea, between 1350 and 1850 m e l eva t ion .  Access i s  v i a  a logging 
road  lair) which begins a t  t he  lower f o r e s t  r e se rve  boundary, 
a t  Laupahoehoe, and proceeds upward. Topography c o n s i s t s  of 
a l t e r n a t i n g  s lopes  and r idges  with g r a d i e n t s  of 1 3  t o  30 percent .  
Annual r a i n f a l l  averages 2151 mm wi th  a dry season from May 
t o  J u l y  and a s h o r t e r  dry period i n  September ( ~ i g .  4 ) .  Frequent 
a f te rnoon fog  probably c o n t r i b u t e s  s i g n i f i c a n t l y  t o  t h e  annual 
p r e c i p i t a t i o n .  Average annual temperature i n  t h e  a r e a  is 1 2 . ~ O C .  
S o i l s  a r e  o x i s o l s  formed from volcanic  a s h  and 
c h a r a c t e r i s t i c a l l y  a r e  deep (1-1.7 m) and well-drained ( ~ a t o  e t  
a l .  1373). A t  e l e v a t i o n s  of 1600 m and above, s o i l s  a r e  
p r i n c i p a l l y  Hanipoe s e r i e s  s i l t  loams. S o i l  pH ranges  from 
6.1-7.3. Below t h i s  e l e v a t i o n ,  most of t h e  s o i l s  i n  t h e  s tudy 
a rea  a r e  a c i d i c  4.5-5.5), s i l t y  c l ay  loams of t h e  Puu 00 o r  
Piihonua s e r i e s .  A t  lower e l e v a t i o n s  ( < 1400 m) s o i l s  a r e  e i t h e r  
Maile silt loams o r  Honokaa s i l t y  c l ay  loams ( s a t 0  e t  a l .  1973).  
These s o i l s  a r e  s l i g h t l y  a c i d i c  (PH 5.5-6.5). 
The vege ta t ion  of t he  a r ea  i s  open-canopy o r  closed-canopy 
Acacia-Metrosideros f o r e s t s  wi th  a  subcanopy of n a t i v e  t r e e s ,  
-ing Cheirodendron trigynum ( ~ a u d .  ) Fie l le r ,  Coprosma spp. 
and I l e x  anomala. P r i n c i p a l  understory spec i e s  inc lude  Cibotium 
-
spp., Rubus hawai iens is  Gray and Vaccinium calycinum Sw. The 
e x o t i c  g r a s s e s  Microlaena s t i p o i d e s  and Holcus l a n a t u s  form a 
dominant ground cover i n  much of t he  lower e l e v a t i o n  f o r e s t ,  
while a t  h igher  e l e v a t i o n s ,  t h e  shrub and ground l a y e r s  a r e  
composed of  s e v e r a l  n a t i v e  and e x o t i c  shrub and herb spec i e s ,  
inc luding  Phytolacca sandwicensis  Endl. ,  Rumex g iganteus  A i t . ,  
P h y s a l i s  peruviana L. , Polygonum p lab rum Willd.  , Rubus 
r o s a e f o l i u s  Sm. and Solanum nigrwn L. 
A l l  s e c t i o n s  of t he  Laupahoehoe a r e a  a r e  heavi ly  d i s tu rbed  
and P. moll iss ima is p resen t  i n  t he  g r e a t e s t  d e n s i t y  and cover  a t  
t h i s s i t e .  I n  t he  upper p o r t i o n s  of t he  f o r e s t  r e se rve ,  it forms 
more than  75 percent  of t he  t o t a l  p l a n t  cover  (unders tory  and 
overs tory) .  F e r a l  animals have been a  major d is turbance  f a c t o r  
i n  t h e  Laupahoehoe area .  Much of t h i s  upper po r t ion  was heavi ly  
grazed by f e r a l  c a t t l e  p r i o r  t o  t h e  in t roduc t ion  of  P. 
moll iss ima,  i n  1928. C a t t l e  were no t  removed from t h e  a r e a  u n t i l  
t h e  e a r l y  1940 ' s  ( ~ r ~ a n  1947) and domestic c a t t l e  from nearby 
ranches a r e  still occas iona l ly  found i n  t h e  f o r e s t  reserve .  
F e r a l  p i g s  a r e  p re sen t  i n  t h e  a r e a  i n  high d e n s i t i e s   i iff in 
1972) and a r e  r e spons ib l e  f o r  most of  t he  animal damage a t  
p resent .  I n  r e c e n t  y e a r s ,  man has  con t r ibu ted  t o  t h e  
d is turbance .  I n  the  1 3 7 0 ' s  an  a rea  of approxiroately 1000 a c r e s  
was logged f o r  koa and ' o h i t a  wi th  ex tens ive  l o c a l  d i s turbance  t o  
t h e  overs tory  and understory (scowcroft  & Nelson 1976).  
' O l a l a  i s  an a rea  with l i t t l e  r e l i e f  (5 percent )  loca ted  i n  
a  t r o p i c a l  r a i n  f o r e s t  on the  windward s lope  of Mauna Loa. The 
s tudy a r e a  ranges i n  e l e v a t i o n  from 1190 t o  1250 m and i s  loca t ed  
wi th in  t h e  'Ola1 a  T r a c t  s e c t i o n  of Hawai1 i Volcanoes Nat iona l  
Park. 
Average annual temperatare  a t  ' 0  l a t  a  i s  13.9 OC . Annual 
r a i n f a l l  averages 2380 mm wi th  a l l  months r ece iv ing  i n  excess  of 
100 mm of  r a i n  (Fig.  4 ) .  P r e c i p i t a t i o n  i s  l a r g e l y  t h e  r e s u l t  of 
orographic r a i n f a l l  and i s  f r equen t ly  supplemented by fog  and 
dew. A d r i e r  season occurs  between .June and 3c tobe r  during which 
p r e c i p i t a t i o n  is c h i e f l y  t h e  r e s u l t  of occas iona l  t r o p i c a l  storms 
 lumenst stock 1967) . 
S o i l s  i n  t h e  a r ea  a r e  a l l  ash-derived i n c e p t i s o l s  of r e c e n t  
vo lcanic  o r i g i n  ( s a t 0  e t  a l .  1973) .  Nost of the  study s r e a  (55%) 
is covered by a deep (1-1 .3  rn) si l t  loam of t he  Puaulu s e r i e s .  
Approximately 10% of t he  s tudy a r e a  is covered by s i l t y  c l a y  
loams of the  Akaka s e r i e s .  Both of t hese  s o i l s  a r e  composed of 
a l t e r n a t i n g  l a y e r s  of ash ,  c inde r  and pumice. Another s o i l  type ,  
t h e  Kahaluu s e r i e s  shallow ( 3.5 m) , organic  a sh  s o i l s  unde r l a in  
by pahoehoe l ava ,  a r e  a l s o  common i n  t h e  a rea .  A l l  s o i l s  a r e  
moderately well-drained and a c i d i c  (PH 4.5-6.5) ( ~ a t o  e t  a l .  
1373).  
Three vege ta t ion  types ,  d i f f e r i n g  p r i n c i p a l l y  i n  t h e i r  
- - 
r e l a t i v e  cover  of ~ e t r o s i d e r o s  and C i b o t i m ,  a r e  represented  i n  
t h e  s tudy  area:  s c a t t e r e d ,  open and c losed  Metrosideros f o r e s t s .  
Spec ie s  composition is  s i m i l a r  i n  a l l  th ree .  The ground cover  
c o n s i s t s  o f -  s c a t t e r e d  f e r n s  , inc luding  Asplenium spp, , Athyrium 
microphyllum ( ~ m . )  Alston,  D i p l a z i m  sandwichianum (?re) D i e l s ,  
and Dryop te r i s  spp., and Peperomia spp. Dominant shrubs inc lude  
Eroussa i s i a  a rgu ta  Gaud., Cyrtandra spp.,  Rubus hawai iens is  and 
Vaccinium calycinum. The subcanopy is formed by C i b o t i m  spp. 
and va r ious  n a t i v e  t r e e s ,  inc luding  Cheirodendron trizynum, 
Coprosma spp., I l e x  anomala, P e r r o t t e t i a  sandwicensis Gray and 
--- 
Pip tu rus  hawai iens is  Levl ,  Cibotium cover is g r e a t e s t  i n  t h e  
s c a t t e r e d  Metrosideros f o r e s t  and lowest  i n  t h e  c losed  
Metrosideros f o r e s t .  The cover  of  Metrosideros is inve r se ly  
p ropor t iona l  t o  t h a t  of Cibotium. 
Disturbances a r e  p r i n c i p a l l y  from f e r a 1  p igs ,  which 
cons iderably  damage t h e  unders tory ,  windthrows which open up 
small  p o r t i o n s  of  t h e  canopy i n  s c a t t e r e d  a r e a s  and ' o h i s  a 
dieback, which a f f e c t s  l a r g e  s e c t i o n s  of  t he  canopy i n  s e l e c t e d  
a reas .  Exo t i c  s p e c i e s  a r e  s c a t t e r e d  throughout t he  a r ea  b u t  
concent ra ted  i n  d i s tu rbed  a reas .  Most e x o t i c s  a r e  he l iophy t i c  
annuals  o r  shrubs  which a r e  g r e a t l y  reduced a f t e r  d i s turbance  
ceases  ( ~ u r t o n  1980) b u t  P. moll iss ima and Rubus e l l i p t i c u s  Sm. 
p e r s i s t  a f t e r  canopy c losure .  
S i t e  S e l e c t i o n  f o r  Popula t ion  S t r u c t u r e  and Densi ty Est imates  
Seven s i t e s  w i th  in te rmedia te  d e n s i t i e s  of  P a s s i f l o r a  
moll iss ima and a l l  age c l a s s e s  p re sen t  were s e l e c t e d  t o  study t h e  
popula t ion  s t r u c t u r e  of t h i s  vine.  A l l  s i t e s  a r e  l oca t ed  wi th in  
the  t h r e e  major s tudy  areas .  S i t e s  of very low dens i ty  were 
avoided a s  sampling would have been too  labor- in tens ive .  
Likewise, those a r e a s  having very high v ine  d e n s i t i e s  (and cover) 
were n o t  s e l e c t e d ,  a s  i nd iv idua l  v ines  were impossible t o  
d i f f e r e n t i a t e  and reproduct ive  c l a s s e s  were very l imi ted .  The 
genera l  phys i ca l  f e a t u r e s  of the  seven s t r u c t u r a l  a n a l y s i s  s i t e s  
a r e  summarized i n  Table 2. 
The p r i n c i p a l  i n t e r e s t  a t  a l l  s i t e s  i s  the  r e l a t i o n s h i p  
between d is turbance  ( o r  lack  of i t )  and populat ion s t r u c t u r e  of 
P. moll iss ima.  The two Kaloko s i t e s  a r e  loca ted  near  Yaloko road 
- 
and support  s i m i l a r  vege ta t ion  types ,  a l though t h e  f o r e s t  a t  s i t e  
R1 has  a  g r e a t e r  percentage of ' o h i ' a .  The s i t e s  d i f f e r  i n  t h e  
type of underlying s u b s t r a t e  and r e s u l t a n t  s o i l  type. T h i s  i n  
t u r n ,  a f f e c t s  t h e  degree of f e r a l  p ig  a c t i v i t y .  S i t e  K1 i s  
loca t ed  1 5  m sou theas t  of Kaloko Rd. a t  1310 m (1 42' 36" N. 
La t  ./ 155 0 55 ' 47" W. Long.) i n  an a r e a  under la in  by fragmentary 
' a '  a  l ava  of  f a i r l y  r e c e n t  o r i g i n  and a  shallow s o i l  (Lalaau 
s e r i e s ;  S a t o  e t  a l .  1973).  The ground su r f ace  is very rocky and 
i r r e g u l a r  wi th  numerous small  e a r t h  cracks.  L i t t l e  p i g  a c t i v i t y  
occurs  a t  t h i s  s i t e .  A t  s i t e  K2, l oca t ed  50 m west  of Keanaaina 
Rd. a t  1443 m e l e v a t i o n  (190 43' 05" N .  Lat./1550 56' 05" W. 
~ o n g . )  t h e  pahoehoe lava  is much o l d e r  and o v e r l a i n  by a  deep 
s o i l  ( ~ u u k a l a  s e r i e s ) .  P i g  d is turbance  is much g rea t e r .  I n  
a d d i t i o n ,  t h i s  s i t e  was c l ea red ,  some t ime ago, r e s u l t i n g  i n  a  
more open canopy and a  dominant ground cover of e x o t i c  grasses .  
S i t e  s e l e c t i o n  a t  Laupahoehoe was more complex. Much of t h e  
a r e a  suppor t s  a  very  dense populat ion of P. moll iss ima,  wi th  
cover  i n  excess  of 80%. S i t e  L1 i s  l o c a t e d w i t h i n  the  core  of 
t he  i n f e s t e d  a r e a  near  t he  Douglas Monument, 1 5  m e a s t  of t h e  
f o r e s t  r e se rve  f e n c e l i n e  (19O 53' 48" N .  Lat./1550 20' 25" W .  
Long.). The s tudy a rea  suppor ts  a  much lower v ine  d e n s i t y  and 
cover.  T h i s  a r ea  appears  t o  be a  remnant of t h e  o r i g i n a l  f o r e s t ,  
much of  which was heavi ly  grazed and i s  now smothered wi th  P. 
mollissima. Dominant t r e e  spec i e s  inc lude  Acacia &, Myrsine 
l e s s e r t i a n a ,  Cheirodendron t r i g y n m  and Coprosma sp. The canopy 
is c losed  and canopy spec i e s  a r e  reproducing. 
S i t e s  L2 and L3 l i e  toward t h e  per iphery  of t h e  c e n t r a l  
i n f e s t a t i o n .  S i t e  L 2  is loca ted  a t  t he  lower e l e v a t i o n  range of 
t h e  i n f e s t a t i o n ,  1259 m ,  45 m e a s t  of t h e  B l a i r  logging road (190 
55' 05" N .  Lat./l55O 19 '  35" W .  ~ o n g . )  . S c a t t e r e d  gaps occur i n  
t he  Acacia - Metrosideros canopy and t h e  s i t e  is heavi ly  
d i s tu rbed  by f e r a l  pigs .  T h i s  a r ea  appears  s u s c e p t i b l e  t o  e x o t i c  
s p e c i e s  invas ion  due t o  t h e  proximity of t he  acces s  road,  
presence of canopy gaps and high l e v e l  of f e r a l  p i g  a c t i v i t y .  
S i t e  L3 is loca ted  a t  1583 m e l e v a t i o n ,  approximately 5 m e a s t  of 
t h e  Malua T r a i l  ( 1 9 0 5 1 '  10" N. ~ a t . / 1 5 5 0 1 3 '  41" W.  Long.). I t  
i s  r e l a t i v e l y  f r e e  of human impact and has an  i n t a c t  canopy. 
F e r a l  p ig  a c t i v i t y  was p re sen t  a t  t h i s  s i t e  b u t  it is s l i g h t l y  
l e s s  d i s t u r b e d  than  s i t e  L2. The ground cover  a t  t h i s  s i t e  is  
predominantly composed of t he  e x o t i c  g r a s s ,  Microlaena s t i p o i d e s .  
F i n a l l y ,  i n  t h e  ' O l a l a  T r a c t ,  g. moll iss ima only occurred i n  
s u f f i c i e n t  d e n s t i t i e s  i n  d i s tu rbed  a reas .  S i t e  01 i s  an  a rea  of 
ex t ens ive  ' o h i ' a  dieback loca t ed  a t  s t a t i o n  # 33 of t h e  U .  S. 
F i s h  and Wi ld l i f e  Se rv i ce  Transec t  # 31 (1 90 29' 30" N .  Lat./  
1550 15' 22" W .  Long.). A l a r g e  number of t r e e s  have d ied ,  
leav ing  t h e  canopy q u i t e  open. Many e x o t i c  he l iophytes  a r e  found 
i n  t h e  ground and i n  t he  shrub l aye r s .  Canopy d is turbance  a t  
s i t e  02 is  r e s t r i c t e d  t o  r e l a t i v e l y  small  gaps i n  t h e  otherwise 
closed-canopy t r e e f e r n  f o r e s t .  The s tudy a r e a  is loca ted  9.9 km 
e a s t  ea s t -no r theas t  of t he  bend i n  Wright Rd. i n  t he  ' Q l a '  a T r a c t  
s e c t i o n  of Hawai' i Volcanoes National  Park (1 28' 24" N .  
~ a t . / l 5 5  1 4 '  22" W. ~ o n g . )  . Both s i t e s  e x h i b i t  a moderate 
amount ~f f e r a l  p i g  a c t i v i t y .  
METHODS AND MATERIALS 
Germination 
A l l  seeds  were c o l l e c t e d  from the  H i l o  F o r e s t  Reserve above 
Laupahoehoe, HawaiP i, separa ted  from t h e  a r i l  and used 
immediately ( f r e s h )  o r  a i r  d r i e d  and s t o r e d  a t  room temperature 
(20-23 0 C )  and ambient r e l a t i v e  humidity (50-60%) f o r  l a t e r  use. 
Seeds were s e l e c t e d  from the  s tock  a t  random f o r  each experiment, 
p lan ted  i n  f l a t s  o r  po ts  i n  ve rmicu l i t e  o r  a 50:50 mixture of 
s o i l  and ve rmicu l i t e  and watered d a i l y .  Experiments were 
performed i n  Pope Lab greenhouses a t  t h e  Un ive r s i t y  of Hawai' i, 
Manoa and a t  Volcano, Hawai' i. Three r e p l i c a t e s  of each 
t rea tment  were used un le s s  s p e c i f i e d  otherwise. Gemina t ion  
success  was based on emergence of t h e  hypocotyl above t h e  s o i l  
sur face .  qerminat ion r a t e  was def ined  a s  t h e  r e c i p r o c a l  of t h e  
number of days t o  50% maximum germination. 
The e f f e c t  of t he  a r i l  on germination r a t e  was determined by 
p l an t ing  50 f r e s h  seeds ,  w i th  and without  a r i l s ,  i n  po t s  and 
p lac ing  them under one l a y e r  of shade c l o t h ,  t o  prevent  s o i l  
des i cca t ion ,  The experiment was r e p l i c a t e d  t h r e e  t imes. 
The e f f e c t  of l i g h t  on germination r a t e  and success  was 
t e s t e d  by sub jec t ing  seeds  t o  varying i n t e n s i t i e s  of n a t u r a l  
l i g h t  under ambient d i u r n a l  temperature regimes a t  Volcano from 
March t o  May 1980, us ing  d r i ed  seeds  c o l l e c t e d  i n  February 1980. 
Seeds were p lan ted  i n  f l a t s  which were placed under varying 
l a y e r s  of  nylon shade c l o t h  i n  t h e  greenhouse a t  Hawai ' i  
Volcanoes Nat iona l  Park. A t o t a l  of 30 seeds  pe r  r e p l i c a t e  were 
used f o r  each t reatment .  Noon l i g h t  i n t e n s i t i e s  ranged from 250 
t o  2030 u~/i%. sl . A l l  o t h e r  l i g h t  i n t e n s i t i e s  a r e  expressed a s  
percentages r e l a t i v e  t o  t he  maximum unobstructed value: 33%, 10% 
and 4%. Greenhouse temperatures  ranged from 43 O C t o  1 I O C ,  
r e g u l a r l y  exceeding n a t u r a l  temperatures  f o r  t h e  a rea .  
Germination was monitored f o r  8 weeks. 
The second experiment was conducted a t  Volcano from J u l y  t o  
3c tober  1382. Seeds f o r  t h i s  experiment were c o l l e c t e d  i n  June 
of t h e  same yea r  and t r e a t e d  a s  above w i t h  t h e  fol lowing 
except ions.  Each r e p l i c a t e  cons i s t ed  of 25 seeds.  F l a t s  were 
placed outdoors  under shade c l o t h  r a t h e r  than i n  a greenhouse and 
were exposed t o  n a t u r a l ,  d i u r n a l  temperature f l u c t u a t i o n s .  
During t h e  s tudy,  temperatures  ranged from 28 0 C t o  I 1 O C . 
Rela t ive  l i g h t  i n t e n s i t i e s  (RLI) were c o n t r o l l e d  a s  above b u t  
lower l i g h t  l e v e l s  were included; r e l a t i v e  va lues  averaged 1005, 
301 ,  14%, 2% and 0.35%. L igh t  i n t e n s i t y ,  measured a t  noon under 
open cond i t i ons ,  ranged from 230 t o  2330 LIE/@. sl . 
Role of f e r a l  p i g s  i n  germination and d i s p e r s a l  
h pre l iminary  experiment suggested t h a t  t he  germination r a t e  
of P a s s i f l o r a  moll iss ima is increased  by inges t ton  of seeds by 
f e r a l  p i g s  (SUS - sc ro fa  L.). A one-year o ld  male p ig  weighing 80 
pounds was captured i n  June  of 1980 i n  Hawaii Volcanoes Nat iona l  
Park. The animal was penned and f e d  a d i e t  of coconuts f o r  
s e v e r a l  days p r i o r  t o  t he  experiment u n t i l  no seeds  were found i n  
t h e  s c a t s .  The p i g  was then fed  a d i e t  of r i p e  P. moll iss ima 
f r u i t ,  c o l l e c t e d  a t  Laupahoehoe, f o r  two success ive  days followed 
by a d i e t  of coconuts f o r  t he  next  f i v e  days. The amount of 
f r u i t  f ed  t o  t h e  p i g  va r i ed  i n  each t r i a l  a s  follows; 
1 .  one-half dozen f r u i t  twice each day 
2. one dozen f r u i t  twice each day 
3. two dozen f r u i t  once each day. 
S c a t s  were examined u n t i l  no seeds of  - P. moll iss ima remained. 
Seeds were c o l l e c t e d  from s c a t s  and a random subsample of 100 
seeds  was d r i ed ,  measured and weighed. These weights and s i z e s  
were compared wi th  a n  equal  number of f r e s h  seeds  and seeds 
c o l l e c t e d  from wild p ig  s c a t s .  
Seeds from f o u r  sources: r i p e  f r u i t ,  d r i e d  seeds  c o l l e c t e d  
i n  November 1979, s eeds  c o l l e c t e d  from wild p i g  s c a t s  and seeds 
c o l l e c t e d  from cap t ive  p i g  s c a t s ,  were p lan ted  i n  f l a t s  according 
t o  a random block des ign  and placed i n  t h e  greenhouse a t  Hawai ' i  
Volcanoes National  Park. Two r e p l i c a t e s  per  t rea tment  were used 
and t h e  e n t i r e  experiment was r e p l i c a t e d  twice. Germination, 
growth and s u r v i v a l  were monitored f o r  one year.  Af t e r  s i x  
months, f l a t s  were removed from t h e  greenhouse and placed 
outs ide .  Su rv iva l  a f t e r  one year  was determined f o r  each 
t rea tment  . 
Phys io log ica l  L i f e  Cycle 
A t  each s tudy s i t e  (same a s  those  descr ibed  i n  phenology) a 
s e t  of 70 p l a n t s  i n  t h r e e  age c l a s s e s  was randomly s e l e c t e d  and 
tagged i n  May 1980 and followed f o r  20 months. I n i t i a l l y ,  t h e  
b a s a l  d iameter ,  he igh t ,  v igo r  and l i f e  form of each ind iv idua l  
was recorded. A shoot  on each p l a n t  was s e l e c t e d  and information 
on i ts b a s a l  diameter ,  number of nodes, l eaves ,  and l a t e r a l  
branches,  shoot  l eng th  and condi t ion  of t h e  apex was recorded. 
Lengths were measured e i t h e r  from t h e  branch o r i g i n  o r  from a 
permanent metal  t a g  loca t ed  some d i s t a n c e  from t h e  o r i g i n .  
Seedl ing  he igh t  was measured from t h e  ground sur face .  Growth 
r a t e  was c a l c u l a t e d  a s  the  inc rease  i n  shoot  l eng th  d iv ided  by 
t h e  number of days between observa t ions .  The annual i nc rease  i n  
shoot  diameter  was a l s o  monitored. 
I n d i v i d u a l s  were monitored monthly and any changes i n  t h e  
above cond i t i ons  were noted. Age c l a s s e s  were de l imi ted  a s  
follows: 
1 .  seedling--non-reproductive i nd iv idua l  without  t e n d r i l s  
2. juvenile--non-reproductive i n d i v i d u a l  wi th  t e n d r i l s  
3. adul t --plant  of reproduct ive age. 
Those ind iv idua l s  sdded during the  course of t he  study were no t  
considered i n  m o r t a l i t y  c a l c u l a t i o n s .  
Measurements of the  Populat ion S t r u c t u r e ,  Densi ty  and Cover 
A count p l o t  method ( ~ u e l i e r - ~ o m b o i s  and El lenberg  1974) was 
used t o  determine the  dens i ty  and popula t ion  s t r u c t u r e  of 
P a s s i f l o r a  m ~ l l i s s i m a  a t  seven s e l e c t e d  s i t e s ,  l oca t ed  wi th in  t h e  
th ree  major s tudy a reas ,  between June  and August 1980 and 1981 . 
A b e l t  t r a n s e c t  was l a i d  o u t  through each popula t ion  from a 
randomly-selected s t a r t i n g  p o i n t  i n  a predetermined compass 
d i r e c t i o n .  Contiguous 10 by 10 m p l o t s  were placed on both s i d e s  
of t h e  t r a n s e c t  and t h e  b a s a l  diameters  of a l l  i nd iv idua l s  
g r e a t e r  than 1 m t a l l  were measured wi th  v e r n i e r  c a l i p e r s .  P l o t s  
were sampled u n t i l  a minimum 30 i n d i v i d u a l s  ( i f  poss ib l e )  i n  each 
of t h r e e  predetermined he ight  c l a s s e s  ( < 1 m, 1-5 m, > 5 rn) were 
enumerated. A t  s i t e  L3 t h e  e n t i r e  a r e a  (1500 m2) was sampled a s  
a s i n g l e  p l o t  a s  t h e  a r ea  was small  and homogenous and surrounded 
by a d i f f e r e n t  vege ta t ion  type. The he igh t s  of t n e s e  ind iv idua l s  
were es t imated  based on known he igh t s  of s e l e c t e d  t r e e s  
( c a l c u l a t e d  wi th  Abney l e v e l ) .  An i n d i v i d u a l  was de l imi ted  a s  
a l l  stems a r i s i n g  from a s i n g l e  above/below ground o r i g i n  and i t s  
diameter equal  t o  t h a t  of the  t h i c k e s t  stem found. Only those  
ind iv idua l s  wi th  more than 50% of t h e i r  t o t a l  b a s a l  a r ea  loca t ed  
i n  p l o t s  were counted. 
For  i n d i v i d u a l s  l e s s  than  1 m t a l l ,  only he igh t s  were 
measured. I n  a r e a s  of high seed l ing  d e n s i t y ,  0.25 m 2  subp lo t s  
were randomly placed wi th in  t h e  l a r g e r  p l o t s .  The number of 
subp lo t s  necessary was determined by t ak ing  t h e  running mean of  
t h e  populat ion ( ~ u e l l e r - ~ o m b o i s  and E l l enbe rg  1974).  
Density counts  of i n d i v i d u a l s  g r e a t e r  than  1 m i n  he igh t  
were d iv ided  i n t o  5 mrn diameter c l a s s e s ;  those  l e s s  than  1 m were 
d iv ided  i n t o  t h r e e  he ight  c l a s s e s  (5 0 .I m; 0.1 t o  0.5 m and 
0.5 t o  I  .O m). A l l  d e n s i t i e s  were ex t r apo la t ed  t o  a per  hec t a re  
b a s i s  and p l o t t e d  a s  histograms. The dens i ty  of - P. mollissima i n  
each s t r u c t u r a l  l a y e r  was a l s o  p l o t t e d  i n  a histogram, f o r  each 
s i t e .  I n  a d d i t i o n ,  e s t ima te s  were made of t he  pe rcen t  cover of 
P. moll iss ima i n  each s t r u c t u r a l  l a y e r  of t h e  f o r e s t  a s  wel l  a s  
- 
t h e  t o t a l  vege ta t ion  cover of each layer .  
Reproductive Biology 
Observat ions on f l o r a l  movements and p o l l i n a t o r  a c t i v i t y  
were made d a i l y ,  on 23 tagged f lowers ,  from August 25 t o  23, The 
s tudy s i t e  was loca ted  i n  an open, d i s tu rbed  Metrosideros-Acacia 
f o r e s t  90 m nor th-nor theas t  of t h e  Keanakolu Ranger 3 t a t i o n ,  a t  
1600 m on Mauna Kea (1 55'  20" N .  ~ a t . / 1 5 5 0  20' 32" W .  ~ o n g . )  .
The r e l a t i v e  p o s i t i o n  of a l l  f l o r a l  p a r t s  was recorded and 
photographed a t  r ep re sen ta t ive  s t a g e s  each morning, a f te rnoon and 
evening. I n s e c t  v i s i t a t i o n s  and behavior  were noted and 
specimens c o l l e c t e d ,  i f  poss ib l e ,  f o r  i d e n t i f i c a t i o n .  
P o l l i n a t i o n  s t u d i e s  were conducted from January t o  March 
1982 i n  an open, d is turbed Metrosideros f o r e s t  located behind the  
Univers i ty  of Hawai' i Agricul tura l  Experiment S t a t i o n  Volcano 
Farm a t 1 2 4 0  m on Hawai'i. To a s s e s s  the  r e l a t i v e  frequency and 
importance of na tu ra l  autogamy and open po l l ina t ion  on f r u i t  s e t ,  
250 mature buds were se lec ted  a t  random, tagged and assigned t o  
one of the following f i v e  treatments: 
1 .  Flowers i n t a c t ;  no bags 
2. Flowers i n t a c t ;  bagged 
3. Flowers hand-se l f  ed; bagged 
4. Anthers removed; f lowers bagged 
5 .  Stigmas removed; f lowers bagged 
?land-pollinated f lowers were emasculated i n  t h e  bud before 
dehiscence, then bagged. Upon a n t h e s i s ,  a l i b e r a l  amount of 
pol len  was applied t o  each s t igmat ic  lobe, using c lean  forceps,  
from the  anthers  of the  nea res t  flower on the  same plant .  Anthers 
were removed p r i o r  t o  dehiscence and s t igmat ic  su r faces  p r i o r  t o  
a n t h e s i s  t o  check f o r  the  p o s s i b i l i t y  of apomictic f r u i t  s e t .  
P o l l i n a t i o n  bags were made of Handi-wipes sewn up both 
s i d e s ,  a t tached t o  the  peduncle with f lagging tape  and stapled.  
To give  bags r i g i d i t y  and prevent them from press ing aga ins t  
flowers, a t h i n  f i lm of pa ra f f in  was appl ied  t o  the  lower t h i r d  
of each bag. Flowers were examined a f t e r  th ree  weeks and again 
a t  10 weeks following p o l l i n a t i o n  t o  determine the percent  f r u i t  
set. The pers is tence  and enlargement of t h e  ovary with 
subsequent development of near-ripe f r u i t  was used a s  the  
c r i t e r i o n  f o r  successful  po l l ina t ion .  F r u i t  was examined f o r  
normal seed development but  seeds were not  germinated. 
Phenology 
The phenological behavior of P a s s i f l o r a  mollissirna was 
monitored monthly i n  th ree  r ep resen ta t ive  a reas  from May 1980 t o  
December 1981. The study areas  included: Kaloko, 30 m e a s t  of 
Kaloko Rd. a t  1460 m e l eva t ion  (19 " 43' 11 " N .    at./ 155' 55' 40" 
W .  ~ o n g . ) ;  Laupahoehoe, 15  m e a s t  of B l a i r  logging road a t 1 5 8 5  m 
e l eva t ion  (1 9 0 54' 34" N .  ~ a t . / 1 5 5  19 '  40" W. Long.) and 'Ola 'a ,  
0.8 km p a s t  the  bend i n  Wright Rd. and 30 m e a s t  of the  road (19' 
28' 16" N .  Lat./155 15' 42" W. Long.). The second 'C)lal a s i t e  
was located nearby, 0.6 km eas t -nor theas t  of the  bend i n  Wright 
Rd. ( l g O  28' 16" N. Lat./l550?4' 46" W .  ~ o n g . ) .  Twenty 
reproductive ind iv idua l s  were randomly se lec ted ,  tagged and 
monitored f o r  the  following c h a r a c t e r i s t i c s :  
1 .  vegeta t ive  flushing--conspicuous growth of shoots  
( including production of new nodes, leaves and flower 
buds) 
2. flowering--all conspicuous s t ages  of flowering p r i o r  t o  
an thes i s  
3. anthesis--opened flowers 
4.  fruiting--mature, yellow f r u i t  present  
E n t i r e  p l a n t s  were surveyed with binoculars  f o r  the  presence and 
abundance of each phenophase. 
The s e a s o n a l i t y  of growth 3n3 l ea f  tu rnover  was monitored on 
a  randonly-selected shoot  on each ind iv idua l .  The follow in^ 
c h a r s c t e r i s t i c ;  were measured ,nonthly: 
5. l e s f  turnover--change i n  number of leaves  pe r  shoot  
r 
3. shoot  diameter  change--chnii=c i n  basa l  diameter of e-lch 
shoot ,  measured with v e r n i e r  c a l i p e r s  
7. shoot  l eng th  change--change i n  shoot  l eng th  a s  aeasured 
from n s tandard  re ference  po in t  
3. in te rnode  expansion--growth divided by t h e  sveravge 
number of in te rnodes  per  shoot  
Data f o r  t h e  ' 31a ' a  s i t e  a r e  incomplete f o r  1331 due t o  
access  problems: no da t a  were c o l l e c t e d  f o r  June and only 
one-half of t h e  ind iv idua l s  were sampled i n  J u l y .  A new 
populat ion of p l a n t s ,  tagged ir ,  August1391,  was sanpled f o r  t h e  
remainder of t h e  s tudy.  S i t e  c h a r a c t e r i s t i c s  were s i m i l a r  a t  
both ' O l a ' a  s i t e s ,  which were loca t ed  l e s s  than  one-quarter n i l e  
a p a r t .  
q u a n t i f i c a t i o n  of Phenologicai  Data 
Due t o  t he  d i f f i c u l t y  i n  accu ra t e ly  counting a l l  f lowering,  
f l u sh ing  and f r u i t i n g  branches on an  ind iv idua l  v ine ,  a  
phenological  index s i m i l a r  t o  t h a t  used by Lamoureux (1373) and 
Vest & Wein (1971) was cons t ruc ted  t o  quan t i fy  monthly changes i n  
f l u sh ing ,  f l ower ins  2nd . f r u i t i n g .  The fo l lowing  va lues  were 
ass igned ,  p r i o r  t o  monitoring, and r ep resen t  t he  percentage of 
branches i n  esch p a r t i c u l a r  phenophase: 
a .  f lushing-- 3 = none; 
1 = O t o  25; 2 = - > 25 t o  50; 3 = - > 59 t o  75; 
4 = >  75 
b. f 10w;ring ( inc lud ing  an thes i s )  ; f ru i t i ng - -  C) = none; 
1 = 0 t o  15;  2 = > 1 5  t o  30; 3 = > 33 t o  4 5 ;  
- - 
q = x >  45 
A cumulative s i t e  index f o r  each month was cons t ruc ted  by summing 
the  ind iv idua l  va lues  and t ak ing  t h e i r  a r i t h m e t i c  mesn f o r  each 
phenophase. ;rowth c h a r a c t e r i s t i c s  (+5-'#3 above) were q u a n t i f i e d  
d i r e c t l y  and sunned f o r  each ind iv idua l  t o  g ive  monthly va lues  a t  
each s i t e .  A l l  nega t ive  growth recorded, due t o  t he  dea th  of 
ap i ces  o r  smal l  e r r o r s  i n  measurement, was s e t  t o  zero when 
c a l c u l a t i n g  t h e  mean growth r a t e s .  
Data Analysis  
To determine t h e  s i g n i f i c a n c e  of each v a r i a b l e  on 
germination r a t e  and success ,  r e s u l t s  were subjec ted  t o  an 
a n a l y s i s  of var iance  us ing  the  SAS Anova Program on the  IBM 370 
computer s t  the Univers i ty  of Yawaii Computing Center ,  Duncan's 
Xu l t ip l e  Range t e s t  was used t o  determine which t rea tments  were 
s i g n i f i c a n t l y  d i f f e r e n t .  
The mean growth r a t e s  of t h e  shoot  and its increase  i n  
diameter were ca l cu la t ed  f o r  each age c l a s s  and s i t e .  Growth 
r a t e s  were subjec ted  t o  an a n a l y s i s  of var iance  t o  determine i f  
any s i g n i f i c a n t  d i f f e r e n c e s  i n  growth r a t e  occurred with age. 
The a n a l y s i s  was conducted us ing  the  SAS General Linear  
Regression model which performs an ANDVA on unbalanced da ta .  
Duncan's Mul t ip le  Range t e s t  was used t o  determine the 
s ign i f i cance  of pa i red  comparisons of means f o r  each combination 
of sge and s i t e .  
Mean monthly va lues  f o r  each phenophase were p l o t t e d  a g a i n s t  
time of year.  The presence of annual p a t t e r n s  i n  phenophases and 
c l i m a t i c  v a r i a b l e s  inc luding  t o t a l  monthly r a i n f a l l ,  mean monthly 
a i r  temperature and daylength a t  t h r e e  s i t e s  i n  Hawai'i and t h r e e  
r e p r e s e n t a t i v e  s i t e s  i n  South America was t e s t e d  us ing  a  
leas t - squares  c u r v e - f i t t i n g  technique adapted by D r .  K .  W .  
Bridges ( ~ r i d ~ e s  e t  a l .  1931 ) . The d a t a  was transformed using 
t h e  sine-based func t ion  Y = a + b s i n ( ( c  + x) (2d-1)) where a  = 
mean va lue ,  b  = ampli tude,  c  = displacement  of t he  curve (given 
a s  d a t e  of  maximum response) and d = t h e  fundamental per iod ,  
which was s e t  t o  1 year .  Pearson'  s c o r r e l a t i o n  c o e f f i c i e n t  ( r )  
p rovides  an  es t imate  of t he  goodness of f i t  of t he  da t a  p o i n t s  t o  
t he  sine-based curve; a  value c l o s e  t o  one i n d i c a t e s  a good fit. 
This  program, SINFIT, i s  a v s i l a b l e  on the  HP-2000 computer a t  t h e  
Un ive r s i t y  of Hawaii a t  Manoa. 
I n  a d d i t i o n ,  r eg re s s ion  a n a l y s i s  was used i n  an a t tempt  t o  
r e l a t e  t h e  v a r i a t i o n s  i n  monthly phenological  a c t i v i t y  t o  monthly 
c l i m a t i c  v a r i a t i o n s  i n  both Hawaii and South America. The SAS 
RSQUARE program, a v a i l a b l e  on t h e  IBM 370 computer, t e s t s  a l l  
pos s ib l e  combinations of t he  dependent v a r i a b l e  (phenophase) i n  
t h e  model wi th  the  given independent v a r i a b l e s  ( c l i m a t i c  
parameters) ,  and p r i n t s  an -square va lue  f o r  each model t e s t e d .  
Longterm mean monthly temperature d a t a  were obtained f o r  t he  
n e a r e s t  cur ren t ly-operable  meteoro logica l  s t a t i o n  a t  a n  
equ iva l en t  e l e v a t i o n  ( s t a t e  of Hawaii 1970).  A t  Kaloko, a  l apse  
r a t e  of 5.4 0 C per  l3OO m was added t o  t he  temperature t o  a d j u s t  
f o r  t h e  d i f f e r e n c e  i n  e l e v a t i o n  between t h e  s tudy s i t e  and the  
s t a t i o n .  Longterm monthly t o t a l  r a i n f a l l  averages were from t h e  
n e a r e s t  meteorological  s t a t i o n  ( s t a t e  of Hawaii 1973) and 
r a i n f a l l  f o r  1399 and 1931 were obta ined  from t h e  Div is ion  of 
Water and Land Development ( D L N R ) ,  S t a t e  of Hawaii. Longterm 
averages of mean monthly temperatures  and t o t a l  monthly r a i n f a l l  
a t  t h r e e  South American s i t e s ,  Bogota ( ~ o l o m b i a ) ,  g u i t o  ( ~ c u a d o r )  
and Huancayo ( ~ e r u )  were obtained from World Westher Records (US 
Dept. of Commerce 1359, 1355).  Daylength da t a  f o r  Hawaii and 
South America were excerpted from Smithsoni3n Meteorolgical  
Tables  ( ~ i s t  1355).  
Germins t i o n  and Di spe r sa l  
Seeds of P a s s i f l o r a  mollissima a r e  5.3 mm (+  3.1 ) long by 
4.2 mm ( +  0.97) wide and surrounded by an  orange succulent  a r i l .  
The rumiGate seed c o a t  is  hard,  t h i c k  and c o n t s i n s  a  dark brown 
water-soluble substance. Mature embryos s r e  small  with two t h i n  
cotyledons and ruminate endosperm which occupies much of the  area 
+ . w i d e  the  seed a t  t he  time it fs shed. . 
Although t h e  germination rake incrensell fol lowing dry  
s to rage ,  t h e r e  was no s i g n i f i c a n t  d i f f e r e n c e  i n  r a t e  between 
seeds s to red  f o r  f i v e  months m d  those s to red  f o r  one year  (3-4.3 
and 25.7 days r e spec t ive ly ;  p=0.05). Dried seeds  remained v i a b l e  
f o r  a t  l e a s t  e ighteen  months under cond i t i ons  of 20-250 C and 
50-53% r e l a t i v e  humidity. Seeds p lan ted  i n  f l a t s  g e m i n a t e d  a s  
long a s  3 months a f t e r  sowins. 
Germination success ,  fol lowing exposure t o  var ious  l i g h t  
i n t e n s i t i e s ,  ranged from 172 to 732 a f t e r  nine weeks ( t r i a l  one) 
and from 34% t o  45% a f t e r  t e n  weeks ( t r i a l  two)  able 3 ) .  
Vi th in  t rea tment  v a r i a b i l i t y  was l a r g e  and no s i g n i f i c a n t  
d i f f e r e n c e s  i n  germination sylccess were found under r e l a t i v e  
l i g h t  i n t e n s i t i e s  l e s s  than 33'; (Tabla 3 ) .  No a t tempt  was made 
t o  compare t r i a l s  s t a t i s t i c s l l y  a s  seed age and o t h e r  
environmental cond i t i ons  were n o t  equ iva l en t  f o r  both 
axperiments. The low value f o r  germination success  3t 100% RLI 
a t  Volcano (1)  a able 3) was the  r e s u l t  of s o i l  des i cca t ion  l a t e  
i n  t h e  experiment r a t h e r  than  a  d i r e c t  r e s u l t  of  high l i g h t  
i n t e n s i t y .  When seeds  were g e m i n a t e d  under low l i g h t  
i n t e n s i t i e s  ( 3  6 %  RLI) and h igh  temperatures  (40-50 O C) , 
seed l ings  were highly suscep t ib l e  t o  damping-off. 
Germination r a t e  showed a s i g n i f i c a n t  p o s i t i v e  response t o  
increased l i g h t  i n t e n s i t y  (Rate=0.02+(0.001 ~ o ~ ( % R L I ) )  ; r2=0.85). 
The average number of days t o  50% maximum germinat ion increased  
from 10 days under f u l l  sm t o  53 days under 3.35% l i g h t  ( ~ s b l e  
3 ) ;  with in  t rea tment  v a r i a t i o n s  were small .  Zermination r a t e s  
r r e l a t i v e  l i g h t  i n t e n s i t i e s  between 2% and 1005 of  f u l l  sun 
were no t  s i g n i f i c a n t l y  d i f f e r e n t ,  however  a able 3 ) .  
Increased  temperatures  a s soc i a t ed  w i t h  h igher  l i g h t  
i n t e n s i t i e s  may have been a t  l e a s t  p a r t i a l l y  r e spons ib l e  f o r  t h e  
h igher  germinat ion r a t e s .  The r e l a t i o n s h i p  of temperature and 
r e l a t i v e  l i g h t  i n t e n s i t y  was l i n e a r  ( r ~ d  .359) over the  narrow 
rsnge of temperatures  encountered (29-250 c ) .  I n  t r i a l  two, 
shaded f l a t s  were placed ou t s ide  and average noon temperatures  
ranged from 23 0 2 ,  under 3.35% R L I  , t o  25.5 C under f u l l  sun. 
Termination r a t e s  exh ib i t ed  a  p o s i t i v e ,  exponent ia l  r e l a t i o n s h i p  
t~ temperature (Rate=? .07+(3.03 log(  temp) ) ; r2=0 -61 1 ) . 
Temperatures during the  f i r s t  experiment averaged 10-15 'C higher  
than normal due t o  greenhouse condi t ions .  
During t h i s  s tudy ,  seeds  of P a s s i f l o r a  moll iss ims were 
f r equen t ly  found i n  f e r a l  p i g  s c a t s  and occas iona l ly  i n  c a t t l e  
droppings. Evidence of f r u i t  ea t en  while on t h e  vine and a f t e r  
f a l l i n g  t o  t h e  ground was noted b u t  no animals were observed 
a? t ing  P.  - mollissima f r u i t .  Nhen f ed  n r e s t r i c t e d  d i e t  of 
coconuts and P. mollissima f r u i t ,  l eng th  of t h e  passage time 
through the  pig-increased with the  amount of f r u i t  ea t en  each day 
and t h e  frequency of feedings.  When the  p ig  was f ed  one-hslf 
dozen f r u i t  once a  day f o r  two days, passage time was complete 
w i th in  two days; w i t h  two dozen f r u i t  once each day, passage t i m e  
increased  t o  t h r e e  days and with one dozen f r u i t  twice each day, 
seeds  were passed f o r  a t o t a l  of f i v e  days. I n  a l l  c a ses ,  24 t o  
3 hours  passed before seeds  f i r s t  appeared i n  s c a t s .  Passed 
seeds  showed no d i f f e r e n c e  i n  s i z e  ( l e n g t h  5.3 mm vs  5.3 mm; 
width 4.2 mm) o r  dry  weight  a able 4) b u t  those seeds  c o l l e c t e d  
from s c a t s  i n  the  f i e l d  were s i g n i f i c a n t l y  l i g h t e r  than  con t ro l s .  
The mechanical removal of t he  a r i l  from seeds  had no s i g n i f i c a n t  
e f f e c t  on the  germination r a t e  (p=0.05); seeds  wi th  and without  
mils gemina ted  i n  49 days. 
I n  a  prel iminary t e s t ,  seeds  c o l l e c t e d  from wild p i g  s c a t s  
germinated s i g n i f i c a n t l y  f a s t e r  than  s t o r e d ,  d r i e d  seeds.  The 
experiment was l a t e r  expanded t o  inc lude  f r e s h  seeds ,  s to red  
d r i e d  seeds ,  seeds from wild p ig  s c a t s  and seeds passsed through 
3 cap t ive  f e r a l  pig.  When a l l  t r ea tmen t s  were compared, seeds  
from cap t ive  p i g  s c a t s  had a  s i g n i f i c a n t l y  lower germination 
success  than  a l l  o t h e r  t rea tments   a able 4) .  Germination r a t e  
was equ iva l en t  f o r  f r e s h  seeds  and seeds passed through t h e  
cap t ive  p i g  (30.3 and 73.3 days r e spec t ive ly )  b u t  t hese  two 
t rea tments  were s i g n i f i c a n t l y  slower than  s t o r e d ,  d r i e d  seeds  and 
seeds  f ron  wild p i g  s c a t s  c o l l e c t e d  i n  the  f i e l d  (25.7 and 31.0 
days respect ively-no s i g n i f i c a n t  d i f f e r ence )   a able 4 )  . The 
s u r v i v a l  of  s eed l ings  over a  one year  per iod  showed no 
s i g n i f i c a n t  d i f f e r e n c e  (p=O .05) f o r  any t reatment .  
Popula t ion  S t r u c t u r e ,  Cover and Densi ty Es t imates  
A l l  seven s i t e s  gene ra l ly  contained a  range of basa l  
diameters  (mature i nd iv idua l s )  e x h i b i t i n g  only s l i g h t  reduct ions  
i n  number w i th  inc reas ing  diameter  ( ~ i g s .  5-5). Bimodal 
d i s t r i b u t i o n s  of diameter  c l a s s e s  a r e  found a t  s i t e s  01 and L 2  
( ~ i g s .  5 , s ) ;  sma l l e r  gaps a t  s i t e s  K2, L1, L? and 32 ( ~ i g s .  5 ,6)  
a r e  poss ib ly  due t o  an i n s u f f i c i e n t  sample s i z e  i n  t hese  
c a t e g o r i e s ,  however t he  s i t e s  were n o t  resampled t o  determine i f  
t h i s  was c o r r e c t .  The histograms presented i n  f i g u r e s  5 t o  5 
r ep re sen t  d e n s i t i e s  ex t r apo la t ed  t o  a  pe r  hec t a re  b a s i s ; . a c t u a l  
counts  of i n d i v i d u a l s  i n  each diameter /height  c l a s s  a r e  presented 
i n  Appendix 1 .  
The popula t ion  s t r u c t u r e  of mature i nd iv idua l s  was s i m i l a r  
a t  bo th  Kaloko s i t e s  i n  t h a t  b a s a l  diameters  were skewed towards 
t h e  smal le r  s i z e  c l a s se s ;  most i nd iv idua l s  were l e s s  than 35 mm 
i n  diameter ( ~ i g .  5 ) .  The two s i t e s  s e l e c t e d  f o r  s tudy i n  t he  
' 9 l a ' a  T r a c t  showed d i f f e r e n t  populat ion s t r u c t u r e s .  S i t e  01 was 
cha rac t e r i zed  by a  d i s j u n c t ,  bimodal d i s t r i b u t i o n  of diameter  
c l a s s e s  (Fig.  5 ) .  The l a r g e s t  diameter  c l a s s  was represented  by 
a s i n g l e  i nd iv idua l  wi th in  t h e  s tudy p l o t s .  Excluding t h i s  
l a t t e r  c l a s s ,  diameters  were heavi ly  skewed t o  lower values.  
S i t e  32 contained a  wider,  more continuous range of diameters ,  ( 3  
t o  QO mm) (Fig.  5 ) .  The p a t t e r n  of d e n s i t i e s  was s l i g h t l y  
i r r e g u l a r ,  however, decreas ing  wi th  inc reas ing  s i z e  over most o f  
the range (diameter)  bu t  i nc reas ing  i n  t he  l a r g e s t  c l a s s .  
Laupahoehoe s i t e s  exh ib i t ed  the  widest  range of diameters  of 
111. t h ree  a r eas .  Popula t ions  a t  s i t e s  L1 and L3  were composed of 
a f a i r l y  cont inuous,  wide rnnge of diameters  ( ~ i g .  5 ) .  I n  
c o n t r a s t  t o  t hese  s i t e s ,  L2 exh ib i t ed  a  d i s j u n c t ,  bimodal 
d i s t r i b u t i o n  of diameter c l a s s e s  (Fig.  6 )  s i m i l a r  t o  t h a t  found 
a t  s i t e  91 (F ig .  5 ) .  A l a r g e  gap, represented  by only two 
ind iv idua l s  w i th in  the  s tudy p l o t s ,  occurred between the  3-43 mm 
diameter group and t h e  75-95 mm diameter group. 
The populat ion s t r u c t u r e  of t he  reproduct ive  c l a s s e s  was one 
of two b a s i c  types ;  an inverse  "3" exponent ia l  r e l a t i o n s h i p ,  
p re sen t  a t  s i t e s  K3, L2 and C 3 ,  o r  one of small ,  e s s e n t i a l l y  
l i n e a r  decreases  with inc reas ing  s i z e ,  p re sen t  a t  t he  remaining 
s i t e s .  The s t r u c t u r e  of reproduct ive  c l a s s e s  was somewhat 
i r r e g u l a r  a t  s i t e s  K1 and 31; w i th  a  s l i g h t l y  g r e a t e r  dens i ty  i n  
one he igh t  c l a s s  than  t h e  next  lower c l a s s  ( ~ i g .  5 ) .  
9eproduct ive c l a s s e s  exh ib i t ed  a minimum of  one-to-one 
rep lacenent  of mature i n d i v i d u a l s  by t h e  l a r g e s t  stem-length 
c l s s s  (3 .?-I .0 m) ( ~ i g s .  5 , 5 ) ,  wi th  t he  except ion of s i t e  L1. 
Reproduction was abundant a t  s i t e s  K2, L2 and L3 wi th  
d e n s i t i e s  ranging from 121,030 t o  555,003 indiv .  pe r  ha. i n  t h e  
s a a l l e s t  s i z e  c l a s s .  Densi ty  of t h i s  c l a s s  was considerably l e s s  
a t  s i t e  K1 , 01 , 32 and L1 wi th  only 500 t o  4700 indiv .  per  ha. 
 able 5 ) .  I n  c o n t r a s t ,  t h e  d e n s i t y  of " e s t ab l i shed  " 
i n d i v i d u a l s  ( 1 .0 m t a l l )  ranged from 780 t o  5770 indiv .  pe r  
ha. : 3 four- fo ld  d i f f e r ence   a able 5 ) .  The h ighes t  dens i ty  of 
e s t a b l i s h e d  i n d i v i d u a l s  was a t  s i t e  K1; t h e  lowest a t  s i t e  L1 
 able 5 ) .  
The d e n s i t y  of - P. moll iss ima i n  va r ious  vege ta t ion  l a y e r s  
exh ib i t ed  a  s i m i l a r  t r end  a t  a l l  s i t e s ;  d e n s i t y  gene ra l ly  
decreased wi th  inc reas ing  p l a n t  he igh t  (Figs .  7-3).  Cover, 
however, was g r e a t e s t  a t  in te rmedia te  he igh t s  and decreased i n  
both t h e  unders tory  and the  emergent l a y e r ,  a s  d id  t o t a l  p l a n t  
cover (F igs .  7-9). A t  s i t e  Kl , vine  cover was g r e a t e s t  i n  t he  T2 
l s y e r ;  t o t a l  cover  i n  the  emergent l a y e r  (F ig .  7 ) .  Cover of 
~ a i s i f l o r a  moll iss ima was gene ra l ly  l e s s  than  29% i n  a l l  
vege ta t ion  l a y e r s  a t  311 s i t e s ,  except  f o r  s i t e  31, where 
i n d i v i d u a l s  had blanketed much of t he  vege ta t ion  i n  the  a r ea  
( ~ i g .  3 ) .  
Surv iva l  
Shor t - te rn  s u r v i v a l  was measured d i r e c t l y  f o r  t h e  period of 
1 3  months. During t h i s  t ime,  32% of  a l l  s eed l ings  (53% 
n o r t a l i t y ) ,  75% of a l l  tagged juven i l e s  (25g m o r t a l i t y )  and 35% 
of a l l  a d u l t s  survived (2% m o r t a l i t y ) .  The short-term s u r v i v a l  
of , juveni les  snd a d u l t s  d i f f e r e d  l i t t l e  among s i t e s ;  s eed l ings  
showed g r e a t e r  v a r i a b i l i t y  (F ig .  13) .  A t  a l l  sites, s u r v i v a l  was 
g r e a t e s t  i n  adu l t s :  1303 of the  tagged ind iv idua l s  survived a t  
Kaloko and 'O la ' a  while a t  Laupahoehoe, a d u l t  s u r v i v a l  was 30%. 
Surv iva l  of j uven i l e s  ranged from 75% a t  Kaloko t o  53% a t  'Ola '  a .  
Su rv iva l  was lowest i n  the  seedl ing  s t age .  A t  Kaloko, .40$ of a l l  
s eed l ings  survived; s u r v i v a l  was s l i g h t l y  l e s s  (305) a t  ' O l a ' a  
and lowest ('5%) a t  Laupahoehoe ( ~ i g .  1 0 ) .  
Long-term seed l ing  su rv iva l  may be est imated i n d i r e c t l y  from 
popula t ion  s t r u c t u r e  da t a  by t ak ing  t h e  d i f f e r e n c e  between 
d e n s i t e s  a t  s e l e c t e d  s t a g e s  i n  t he  l i f e  cycle .  Of i n t e r e s t  here  
a r e  t h e  fo l lowing  s tages :  germinant (< 0.1 m t a l l ) ,  
"establ ishment"  ( 3.1- 1.0 m t a l l )  and e s t a b l i s z e d  ind iv iuda l s  (> 
1 .0 m t a l l ) .  Es t imates  of t he  s u r v i v a l  from the  germinant t o  t h e  
' ' e ~ t a b l i s h m e n t ~ ~  phase ranged from 0.3-0 l27:'0  a able 5 ) .  
S u r v i v s l  was high where the  d e n s i t y  of germinants was i n i t i a l l y  
low. Likewise, s u r v i v a l  was low where t h e  i n i t i a l  dens i ty  of 
germinants was high,  such a s  s i t e s  K2, L1 snd L2  a able 5 ) .  
Establ ishment  (from "establ ishment"  t o  e s t a b l i s h e d  ~ h a s e s )  was 
f a i r l y  h igh  ( 40%) i n  a l l  popula t ions  except  a t  s i t e  K1 (24%) 
 able 5 ) .  
'I 
Growth 
Growth r a t e s  of s eed l ings  averaged 9.07 cm per  day (25.5 
crnlyr)  able 5 ) .  On the  average, j uven i l e s  grew f a s t e r  than 
e i t h e r  s eed l ings  o r  reproduct ive ind iv idua l s .  Calcu la ted  growth 
r a t e s  of  juveni les  averaged 0.25 cm pe r  day (92.0 cmlyear) . I n  
some cases ,  growth exceeded 300 cm pe r  year .  Growth of 
reproduct ive  i n d i v i d u a l s  was v a r i a b l e ,  ranging from 0  t o  0.71 cm 
per  day on s e l e c t e d  shoots .  The average growth of a d u l t  shoots  
was 0  . I9  cm pe r  day (57.9 cmIyear)  a able 5 ) .  I f  a l l  a d u l t  
shoo t s  a r e  d iv ided  i n t o  ' f l u s h i n g '  and 'non-f lushing '  
i n d i v i d u a l s ,  f l u s h i n g  shoots  grew an average of 0.74 cm per  day 
while  non-flushing shoots  grew only 0.08 cm pe r  day, a  highly 
s i g n i f i c a n t  d i f f e r e n c e  (p=O .001) . 
The e f f e c t  of age on t h e  growth r a t e  of P. moll iss ima 
d i f f e r e d  a t  each s i t e .  Juveni le  p l a n t s  grew more r a p i d l y  i n  
l eng th  than  a d u l t s ,  a t  ' 3 l a '  a  and Laupahoehoe. A t  Kaloko, 
d i f f e r e n c e s  were n o t  s t a t i s t i c a l l y  s i g n i f i c a n t  st able 7 ) .  
Di f fe rences  i n  growth between a d u l t  and juveni le  p l a n t s  occurred 
only a t  '01s '  a  s  able 7 ) .  Growth i n  he igh t  ( i n c r e a s e  i n  length  
and in te rnode  expansion) was s i g n i f i c a n l t y  sl3wer i n  s eed l ings  
than i n  juveni le  and a d u l t  shoots  a t  311 s i t e s  except  ' O l a ' a ,  
where the  d i f f e r e n c e s  i n  t h e  d a i l y  i nc rease  i n  shoot  l eng th  
between seed l ings  and a d u l t  shoots  were not  s i g n i f i c a n t   a able 
7 ) .  The yea r ly  i nc rease  i n  shoot  diameter  was g r e a t e r  i n  a d u l t s  
than  juven i l e s ,  a t  a l l  s i t e s   a able 7 ) .  
A t  a l l  s t a g e s  i n  t he  l i f e  cyc l e ,  growth of shoots  ( i n c r e a s e  
i n  length)  was most rap id  a t  ' O l a ' a  and s lowest  a t  Kaloko  a able 
7 ) .  P a t t e r n s  of shoot  diameter were oppos i te  those  of shoot  
length:  s i g n i f i c a n t l y  higher  r a t e s  occured a t  Kaloko than a t  
Laupahoehoe o r  ' 9 1 a t a ,  f o r  a d u l t  shoots  ( ~ s b l e  7 ) .  I n  j uven i l e s ,  
a l l  s i t e s  exh ib i t ed  s i g n i f i c a n t  b u t  small  d i f f e r e n c e s  i n  growth 
r a t e s  (diameter)  ('Table 7 ) .  The t h r e e  s t a g e s  i n  the  l i f e  cyc le  
a l s o  exh ib i t ed  d i f f e r e n t  p e r i o d i c i t i e s  i n  t h e i r  growth p a t t e r n s  
( ~ s b l e  3 ;  Fig. 1 1 ) .  Adults exh ib i t ed  the  g r e a t e s t  p e r i o d i c i t y  i n  
shoot  growth ( 9 )  ; j uven i l e s  t h e  l e a s t  (r=O .303; see 
r e s u l t s :  phenology f o r  ex?lanat ion of p e r i o d i c i t y  func t ion) .  A l l  
sge groups experienced t h e i r  peak of growth during the  s u m e r  
nonths bu t  peak juveni le  growth occurred i n  mid-June, two months 
before  t h e  peak i n  a d u l t  growth (mid -AU~) .  Seedl ings  were 
in te rmedia te  i n  t h e i r  s e a s o n a l i t y  (1=3.563) and experienced a  
peak of  growth i n  e a r l y  J u l y .  Growth i n  shoot  diameter was 
extremely v a r i a b l e  from month t o  month and l ikewise  exh ib i t ed  a  
low s e a s o n a l i t y  c o e f f i c i e n t  (-0 .I 23,  0.259) i n  both juven i l e s  
and a d u l t s  m  able 3). 
S i x t y  percent  of a l l  juveni le  and 55% of a l l  a d u l t  shoots  
su f f e red  i n j u r y  t o  t he  apex, e i t h e r  phys io logica l  o r  b i o l o g i c a l ,  
r e s u l t i n g  i n  shoot - t ip  abor t ion .  Yost of t hese  shoots  l a t e r  
sprouted l a t e r a l s  b u t  app rox ima te ly  10% t o  2C)g d i d  n o t  recover.  
L e a f f a l l  was asynchronous; an  average of I l e a f  pe r  shoot  was 
l o s t  during a  s i x  month observa t ion  period.  During t h i s  same 
per iod ,  average l e a f  l i f e ,  on reproduct ive  ind iv idua l s ,  was 3.4 
months ( 2  3.3 months). Average l e a f  tu rnover  r a t e s  f o r  
i nd iv idua l  shoo t s  ranged from 18% t o  301 p e r  snnum f o r  t he  t h r e e  
s i t e s .  
Reproductive Biology 
An average of 2.7 f lower buds per  branch were produced, over 
an 18-month per iod ,  on a l l  tagged shoo t s  and 5.2 f lower  buds on 
reproduct ive  shoots .  Anthesis  occured approximately two months 
a f t e r  bud i n i t i a t i o n  and l a s t e d  an average of t h r e e  days. 
Flowers of  P a s s i f l o r a  moll iss ima a r e  pendent. I n  t h e  bud 
s t a g e ,  a n t h e r s  a r e  i n t r o r s e  and he ld  t i g h t l y  a g a i n s t  t h e  
androgynophore by p re s su re  from t h e  per ian th .  The s t y l e s  a r e  
v e r t i c a l ,  wi th  s t i g m a t i c  s u r f a c e s  j u s t  below t h e  l e v e l  of the  
sppressed a n t h e r s  and d i r e c t e d  downward (Fig.  12a ) .  Dehiscence 
of t h e  a n t h e r s  u sua l ly  occurs  i n  t he  bud s t a g e  one t o  s e v e r a l  
days p r i o r  t o  a n t h e s i s .  
Upon a n t h e s i s ,  t h e  p e r i a n t h  s e p a r a t e s ,  r e l e a s i n g  t h e  
v e r s a t i l e  a n t h e r s  which r o t a t e  t o  a  ho r i zon ta l  pos i t i on ,  93' from 
t h e i r  o r i g i n a l ,  downward o r i e n t a t i o n  (F'ig. 1 2b) .  A t  a n t h e s i s ,  
t he  s t i g m a t i c  su r f ace  i s  only s l i g h t l y  s t i c k y  and w i l l  r e t a i n  
some po l l en ,  i f  app l i ed ,  b u t  becomes more v i s c i d  with time. The 
a c t u a l  r e c e p t i v e  per iod  of the  s t igmas was no t  determined. 
L s t e r  on t h e  f i r s t  day of  a n t h e s i s ,  t h e  p e r i a n t h  lobes  
cont inue t o  open, reaching a  h o r i z o n t a l  p o s i t i o n ,  exposing t h e  
a n t h e r s  (Fig.  12c)  and s t igmas.  The a n t h e r s  r e f l e x  f u r t h e r ,  
becoming e x t r o r s e  (F ig .  12d) ;  l a t e r  t h e  s t y l e s  begin t o  recurve 
upward and outward. I n  some cases ,  s t igmas occas iona l ly  c o n t a c t  
the  an the r s  3s they move by, t r a n s f e r i n g  pol len .  
Late  i n  the  f i r s t  day' o r  e a r l y  i n  t he  second day, fol lowing 
t h e  movements of the  reproduct ive organs,  t h e  p e r i a n t h  r e f l e x e s  
f u r t h e r ,  and is o r i en t ed  near ly  130' from its o r i g i n a l  p o s i t i o n  
( ~ i g .  12e) .  No f u r t h e r  movements of t he  reproduct ive  organs 
occur  u n t i l  t h e  t h i r d  day when the  f lower begins t o  w i l t ;  f lower 
p a r t s  r e l a x  and r e t u r n  t o  t h e i r  e a r l i e r  downward o r i e n t a t i o n  
( ~ i g .  1 2 f ) .  
Highest  f r u i t  s e t  occurred i n  hand-selfed f lowers   a able 9 ) .  
A f t e r ,  t h r e e  weeks, 55% of hand-selfed f lowers  s e t  f r u i t  compared 
wi th  41% f r u i t - s e t  i n  open-pol l inated flowers.  Natura l  s e l f i n g  
occurred a t  a  very low frequency i n  t h i s  populat ion.  No apogamic 
f r u i t  s e t  occurred i n  f lowers  which had a n t h e r s  o r  s t igmas 
removed p r i o r  t o  an thes i s .  A high  r a t e  of abo r t ion  ocurred 
subsequent t o  i n i t i a l  f e r t i l i z a t i o n ;  f r u i t  s e t  was lower a f t e r  10  
weeks than a f t e r  t h r e e  weeks, i n  a l l  cases .  The e x t e n t  of 
a b o r t i o n  va r i ed  wi th  t rea tment   a able 9 ) .  Abortion i n  
open-pol l inated i n d i v i d u a l s  was much h igher  than i n  hand-selfed. 
Two o u t  of t h r e e  f r u i t  s e t  fol lowing n a t u r a l  s e l f i n g  l a t e r  
sbor ted .  
An a d d i t i o n a l  e s t ima te  of f r u i t  abo r t ion ,  on a  wider s c a l e ,  
came from shoots  monitored monthly f o r  phenological  observa t ions  
a t  t h r e e  s i t e s .  Over an 13-month per iod ,  f r u i t  abo r t ion  ranged 
from 9% t o  70% p e r  shoot  (average 23%). F r u i t  s e t  on these  same 
i n d i v i d u a l s ,  which a r e  comparable t o  open-pollinated f lowers  i n  
t h e  c o n t r o l l e d  experiment,  averaged 28%. An average of 1 .5 f r u i t  
was produced on each reproduct ive  shoot ,  t he  number f o r  a l l  
shoo t s  was somewhat lower, 3.95 f r u i t  per  branch. 
The most f r equen t  v i s i t o r  t o  t h e  f lowers  of P a s s i f l o r a  
moll iss ima dur ing  August 25 t o  23,  1981 was the  honey bee (Apis 
m e l l i f e r a  L.)  which was r e g u l a r l y  observed c o l l e c t i n g  pol len.  
Flower f l i e s  were a l s o  f requent  v i s i t o r s .  Al lograpta  obl iqua 
Say,  Toxomerus marginatus Say and E r i s t a l i s  tenax L. were a l l  
observed feeding  on po l l en  of - P.  mollissima. I n d i v i d u a l s  of 
-- 
T .  marginatus  were a l s o  observed t r a n s f e r r i n g  po l l en  from an the r s  
- 
t o  s t igmas of  t h e  same f lowers .  Thr ips  ( ~ h y s a n o ~ t e r a )  nd 
Drosophila  SP. were f r equen t ly  encountered i n  f lowers .  The 
n a t i v e  b u t t e r f l y  Vanessa tameamea L. and the  blowfly Cal l iphora  
sp. (probably  C . m e g a c e p h m .  ) ) were occas iona l  v i s i t o r s  t o  
f lowers .  
Nat ive and e x o t i c  f o r e s t  b i r d s ,  inc luding  t h e  i l i w i  
( v e s t a r i a  cocc in i a  ( ~ o r s t e r )  ) , amakihi ( ~ 0 x 0  s v i r e n s  (7melin) ) , 
o ' m a o h a e o r n i s  obscura obscura (amelin T? and the  e x o t i c  white 
eye ( ~ o s t e r o ~ s  japonica japonica Temminck 4 ~ c h l e g a ) ,  were 
f r equen t  v i s i t o r s  t o  f lowers  b u t  were never observed approaching 
f lowers  from t h e  c o r o l l a  t h r o a t .  Rather ,  t h e s e  b i r d s  were 
repea ted ly  observed p i e rc ing  the base of the  hypanthium t o  ob ta in  
nec t a r .  S i m i l a r  behavior  was a l s o  exh ib i t ed  by the  honey bee. A 
randoa survey of 139 f lowers  a t  Lsupahoehoe, Kaloko and ' 3 l a '  a ,  
i n  1391, revea led  t h a t  an average of 52% of a l l  f lowers  showed 
evidence of a t t a c k  by nectar-seeking herb ivores .  3f  t h e s e ,  50% 
xere  a t t acked  by small  herb ivores ,  p r i n c i p a l l y  Hymenoptern; t h e  
r e s t  were presumably a t t acked  by b i r d s  (F'ig. 1 3 ) .  
Flowers and f r u i t  of P a s s i f l o r a  moll iss ima were atacked by a 
number of pathogens. Flowers were occas iona l ly  a t t acked  by the  
grey mold B o t r y t i s  c ine rea  Pe r s .  ex Fr .  which r e s u l t e d  i n  f lower 
abo r t i on ,  The inc idence  of the  mold was g r e a t e r  during wet 
per iods.  F r u i t s  were f r equen t ly  a t t acked  by ~ l t e r n a r i a  
p a s s i f l o r a e  Simmonds and A l t e r n a r i a  sp. ,  "brown - s p o t w ,  and 
Col le to t r ichwn sp . ,  "anthracnose" . Approxiaately 30% of  a l l  
f ru i t  i n  t h e  ' O l a ' a  s tudy  a r e a  were i n f e c t e d  t o  some degree.  
F r u i t  were a l s o  prone t o  c rack ing ,  r e s u l t i n g  i n  poor f r u i t  
development o r  f r u i t  abo r t i on  i f  cracked e a r l y  i n  development. 
Dimorphic f lowers  were noted a t  Laupahoehoe during J u l y  and 
August 1981. Normal f lowers  have long s t y l e s  and l a r g e ,  
well-developed s t i g m a t i c  s u r f a c e s  b u t  approximately 20'? t o  39% of 
a l l  f lowers  examined a t  t h i s  t ime had very  s h o r t  s t y l e s  which 
never recurved,  and rudimentary s t igmas.  Anthers  were normal i n  
both types  3f f lowers .  
Yhenology: t h e  S e a s o n a l i t y  of Growth and Reproduction 
Cl imato logica l  and phenological  d a t a  were subjec ted  t o  a 
l ea s t - squa re s  r eg re s s ion  a n a l y s i s  u t i l i z i n g  a  s i n e  
t ransformat ion .  Th i s  func t ion  examines t h e  annual  p e r i o d i c i t y  i n  
t h e  d a t a ,  based on a  s i n g l e  annual  peak pe r iod  of a c t i v i t y .  
Pea r son ' s  c o r r e l a t i o n  c o e f f i c i e n t  i s  used a s  an  i n d i c a t o r  of 
f i t n e s s  of t h e  da t a  t o  t h e  hypo the t i ca l  curve.  Bridges e t  a l .  
(1 331 ) have i l l u s t r a t e d  t h e  u t i l i t y  of  t h e  sine-based f u n c t i o n  
f o r  examining t h e  p e r i o d i c i t y  of phenological  even t s  i n  t r o p i c a l  
s p e c i e s  and c l imates .  
T h i s  technique gene ra l l y  proved s a t i s f a c t o r y  f o r  p r e d i c t i n g  
t h e  annual peak a c t i v i t y  pe r iods  of reproduct ive  phenophases b u t  
showed a  poorer  f i t  t o  growth c h a r a c t e r s .  These l a t t e r  
c h a r a c t e r s  tended t o  e x h i b i t  g r e a t e r  month-to-month v a r i a b i l i t y  
r s t h e r  than  concent ra ted  pe r iods  of h igh  and low a c t i v i t y .  The 
f ' m c t i o n  a l s o  showed a  b e t t e r  f i t  (more accu ra t e  p red i c t i on )  f o r  
a mean index va lue  ( a l l  s i t e s  combined) t han  f o r  i n d i v i d u a l  
s i t e s ,  where t he  observed peak may be  a s  much a s  s e v e r a l  months 
from the  p red i c t ed  one. 
Flowering o f  P a s s i f l o r a  moll iss ima was cont inuous i n  
Hawai ' i ,  b u t  gene ra l l y  e x h i b i t e d  a  d i s t i n c t  annual  p e r i o d i c i t y  a s  
evidenced by t h e  r e l a t i v e l y  h igh  s e a s o n a l i t y  c o e f f i c i e n t  ( -3 .73 )  
(F ig .  1 4 ) .  I n d i v i d u a l  popu l s t i ons  s t u d i e d  showed l e s s  
s e a s o n a l i t y  ( ~ i g .  1 5 ) .  Among t h e s e  popu la t i ons ,  Laupahoehoe was 
t he  most s ea sona l ,  Kaloko the  l e s s t .  A per iod  of heightened bud 
product ion ocurred from May t o  August wi th  a  peak of a c t i v i t y  
es t imated i n  mid-July (E'ig. I+). Some v a r i a t i o n  was observed f o r  
i nd iv idua l  popula t ions .  Based on the s i n e  func t ion ,  peak budding 
occurred i n  mid-June a t  ' O l a ' a ,  e a r l y  J u l y  a t  Laupahoehoe and was 
delayed u n t i l  e a r l y  August a t  Kaloko (Fig.  1 5 ) .  The observed 
peaks coincided wi th  the  p red ic t ed  ones except  a t  Laupaheohoe, 
where it occured s e v e r a l  months e a r l i e r  ( e a r l y  ?.lay) than  
predic ted .  A smal l  secondary peak occurred from November t o  
December a t  Laupahoehoe and a  l e s s  pronounced secondary peak 
per iod  occurred during December and January a t  Yaloko. Overa l l  
a c t i v i t y  (budding) was lowest  a t  Kaloko and g r e a t e s t  a t  
Laupahoehoe bu t  s i t e  d i f f e r e n c e s  were no t  s t a t i s t i c a l l y  d i f f e r e n t  
(p=O.05). More buds were produced i n  1381 than  the  same per iod  
( ~ u l y  t o  ~ e c . )  i n  1983. 
The peak of  a n t h e s i s  followed maximum budding by 
approximately t h r e e  weeks and was l e s s  seasonal  ( ~ 0 . 6 5 )  (Fig.  
1 4 ) .  Anthesis  was f a i r l y  synchronized a t  Laupahoehoe and Xaloko 
( e a r l y  Aug. and mid-hug. peaks, r e spec t ive ly )  b u t  occurred t h r e e  
months e a r l i e r  a t  'Ola '  a  (Fig.  15 ) .  Laupahoehoe and '31a'  a  
exh ib i t ed  l i t t l e  s e a s o n a l i t y  i n  a n t h e s i s  (-9.36 and r 4 . 3 3 )  
while  Kaloko was s l i g h t l y  more seasonal  ( r=0 3 2 )  . 3 v e r a l l  t h e r e  
were fewer opened f lowers  a t  Kaloko than a t  e i t h e r  of t he  o t h e r  
s i t e s  (p=O a ) .  
F r u i t i n a  
F r u i t i n g  was a l s o  continuous and exh ib i t ed  t h e  g r e a t e s t  
annual p e r i o d i c i t y  of any parameter measured (SO -92)  . 
Heightened a c t i v i t y  gene ra l ly  occurred between December and March 
wi th  a  peak i n  e a r l y  January (F ig .  1 4 ) .  Peak a c t i v i t y  was f a i r l y  
synchronous i n  a l l  popula t ions ,  ocur r ing  wi th in  a  f o u r  week 
per iod  between mid-December ( ' 3 1 a 1 a )  and mid-January ( ~ a l o k o )  
(Fig.  17 ) .  A t  Laupahoehoe, t h e  observed peak was nea r ly  two 
months l a t e r  ( l a t e  February) than  t h a t  pred ic ted .  Laupehoehoe 
and Kaloko showed s l i g h t l y  l e s s  s e a s o n a l i t y  i n  f r u i t i n g  (-0.79 
and 3.74 r e s p e c t i v e l y )  . 'Ola '  a  exh ib i t ed  a  d i f f e r e n t  f r u i t i n g  
p a t t e r n  from the  o t h e r  s i t e s .  The annual s e a s o n a l i t y  c o e f f i c i e n t  
was q u i t e  low (r=0.29) and t h e r e  was l i t t l e  ampl i tud ina l  
d i f f e r e n c e  throughout t he  year  ( b 3 . 1 4 5 )  when compared with t h e  
o t h e r  popula t ions  (F ig .  17 ) .  A t  ' O l a ' a  f r u i t i n g  a c t i v i t y  
occurred i n  two s h o r t ,  s l i g h t ,  annual peaks from February t o  
Xarch and i n  September. Overa l l  a c t i v i t y  was s i g n i f i c a n t l y  
h igher  a t  Laupahoehoe (p=3 .05 ) . 
Flushing 
Flushing ,  accompanied by f l o r a l  bud i n i t i a t i o n ,  occurred 
throughout t h e  year  b u t  2xhib i ted  a  h igh  degree of annual 
p e r i o d i c i t y  ( ~ 3 . 8 1 ) ;  t h e  ampli tude,  however, was q u i t e  low 
( b 4 . 3 1 2 ) .  A sha rp  inc rease  i n  a c t i v i t y  occurred between Apr i l  
and June and the  peak occured i n  e a r l y  May ( ~ i ~ .  1  4)   The t iming 
of t h i s  maximum was well  synchronized: t h e  observed peaks of 
a c t i v i t y  occured i n  mid-May a t  a l l  s i t e s .  P red ic t ed  peaks 
d i f f e r e d  only s l i g h t l y :  mid-April f o r  'Clla'a and l s t e  Apr i l  a t  
Laupahoehoe. k t  Yaloko, however, t h e  peak a c t i v i t y  was p red i c t ed  
f o r  mid-June ( ~ i ~ .  1 3 ) .  Tndividual  popula t ions  had lower 
s e a s o n a l i t y  c o e f f i c i e n t s  than t h e  mean f o r  7-Iawai' i ( ~ i g s .  1 4 ,  
1 9 ) .  Kaloko was t h e  l e s s t  se3sonal  ( r=0.543) ,  while  Laupahoehoe 
was t h e  most seasona l  (r=0.649) of s i t e s .  L i t t l e  d i f f e r e n c e  was 
f3und i n  t h e  magnitude of a c t i v i t y  among t h e  t h r e e  populat ions;  
they were n o t  s i g n i f i c a n t  a t  t h e  35% l e v e l .  A c t i v i t y  was 
gene ra l l y  lower i n  1331 than  the  same pe r iod  ( J U ~ Y  t o  ~ e c . )  i n  
239Q with  t h e  except ion of 'Clla' a ,  where 1331 e x h i b i t e d  g r e a t e r  
a c t i v i t y .  
Es t imates  of f l u sh ing  a c t i v i t y  based on a n  average of a l l  
branches on an individuzil  and f o r  a  s e l e c t e d  branch p e r  
i nd iv idua l  gave very  s i m i l a r  e s t ima te s  of a c t i v i t y  ( ~ i g .  1 3 ) ,  
i n d i c a t i n g  t h a t  e i t h e r  method is s a t i s f a c t o r y  f o r  cons t ruc t ing  a  
phenological  index. On t h e  o t h e r  hand, reproduct ive  c h a r a c t e r s  
on i n d i v i d u a l  branches were t oo  few i n  nuaber t o  adequate ly  
p r e d i c t  a c t i v i t y ,  on t he  b a s i s  of a  sample s i z e  of 20. Es t ima te s  
of t h e  a c t i v i t y  of  t h e  e n t i r e  i n d i v i d u a l  provided a more 
s a t i s f a c t o r y  r e s u l t  wi th  t h e  same sample s i z e .  
Growth r a t e s ,  expressed a s  t h e  d a i l y  i n c r e a s e  i n  shoot  
l eng th ,  were reasonably pe r iod i c ,  w i th  a  c o e f f i c i e n t  of ~ 0 . 7 7 .  
Heightened a c t i v i t y  gene ra l l y  occurred from June  t o  September 
with a  peak i n  e a r l y  June ,  b u t  i n d i v i d u a l  popula t ions  showed 
cons iderab le  v a r i a t i o n  i n  growth r a t e s  from month t o  month (F ig .  
I .  The p red i c t ed  peak f o r  a l l  s i t e s  combined was delayed u n t i l  
mid-Aug (F ig .  20). The 'Ola l  a  popula t ion  exh ib i t ed  t h e  most 
s e a s o n a l i t y  (-0.79) w i th  t h e  l e a s t  v a r i a b i l i t y  ( b  =0 .I 17 )  and 
a l s o  t h e  h ighes t  growth r a t e s  (9.297 cm pe r  day) .  The pe r iod  of 
heightened a c t i v i t y  was l onges t  a t  t h i s  s i t e ,  from June  t o  
3c tobe r ,  and maximum growth occured i n  e a r l y  October. When 
compared wi th  ' O l a ' a ,  Laupahoehoe and Kaloko exh ib i t ed  l e s s  
s e a s o n a l i t y  of growth (r.0.652 and 0.743, r e s i ~ e c t i v e ~ ~ )  and 
p r o t r a c t e d  pe r iods  of e l eva t ed  a c t i v i t y :  June t o  August < 3 t  
Laupahoehoe and June t o  e a r l y  August a t  Kaloko. Peak ~ r o w t h  
r a t e s  were f a i r l y  synchronous a t  t he se  two s i t e s ,  ocur r ing  wi th in  
a  fou r  week per iod  ( e a r l y  J u l y  a t  Laupahoehoe and e a r l y  August s t  
Yaloko) (F ig .  20) .  The average growth r a t e  a t  Laupahoehoe was 
3.143 cm per  day and a t  Kaloko, 0.117 cm pe r  day. 
Inc rease  i n  shoot  diameter  exh ib i t ed  t h e  lowest degree of 
s e a s o n a l i t y ,  i n  a l l  popula t ions ,  of any parameter measured 
(-0 2 5 )  (F igs .  1 4 ,  21 ) , b u t  exh ib i t ed  much g r e a t e r  month t o  
month v a r i a t i o n  (F ig .  1 4 ) .  
Leaf Turnover Rate  
L e a f f a l l  and product ion were es t imated  i n d i r e c t l y  a s  t he  n e t  
change i n  leaf  number pe r  month. P a s s i f l o r a  moll iss ima i s  an  
evergreen s p e c i e s ,  however t h e  l e a f  tu rnover  r a t e  p e r  nonth 
exh ib i t ed  a  degree of s e a s o n a l i t y  ( e 0 . 5 4 ) .  Net ga in  of l e aves  
occured i n  e a r l y  January (p red ic t ed :  l a t e  February) b u t  the  
turnover  r a t e  was only 17% p e r  annum (Fig .  I .  Within 
ind iv idua l  popula t ions ,  t h e r e  were d i f f e r e n c e s  i n  both 
s e a s o n a l i t y  and magnitude of tu rnover  (E'ig. 2 ) .  A t  'Ola '  a ,  
tu rnover  was h ighly  seasonal  (r=0.94) with  the  g r e a t e s t  ga in  i n  
February (predic ted :   arch) and the  lowest number of leaves  per  
shoot  occurr ing  i n  l a t e  September: t h e  annual tu rnover  r a t e  was 
7 ' .  Kaloko exh ib i t ed  a  s i m i l a r l y  h igh  turnover  r a t e ,  33% p e r  
annum, bu t  s e a s o n a l i t y  was nea r ly  opposi te :  t h e  g r e a t e s t  number 
of leaves  per  shoot  occurred i n  January while t he  lowest  number 
xas  found i n  Apr i l .  Laupahoehoe experienced a  cons iderably  lower 
annual tu rnover  r a t e ,  18% per  annum, and l e a f f a l l  and product ion 
maxima occurred between t h e  d a t e s  r epo r t ed  f o r  t he  o t h e r  two 
s i t e s  ( ~ i g .  22) .  
Assoc ia t ion  of phenological  cyc l e s  wi th  c l i m a t i c  t r ends  
A s tepwise r eg re s s ion  technique was used t o  determine which 
c l i m a t i c  v a r i a b l e ,  temperature,  daylength o r  r a i n f a l l ,  b e s t  
explained t h e  observed v a r i a t i o n  i n  each phenological  index. The 
va lue  of each c l i m a t i c  parameter was a l s o  sub jec t ed  t o  a  l a g  of 
1 ,  2 and 3 months and compared wi th  t h e  phenological  index. 
R e s u l t s  of t hese  r eg re s s ions   a able 10 )  sugges t  t h a t  c l imate  i n  
Xawaii had l i t t l e  e f f e c t  on t h e  phenology of P. mollissima; 
r-square va lues  were l e s s  than 0.57 i n  a l l  c a ses  a n z  t h e r e  was no 
genera l  agreement among s i t e s .  The h igh  degree of s i g n i f i c a n c e  
( p r o b a b i l i t i e s  equal  t o  o r  g r e a t e r  than  95% i n  a l l  b u t  2 c a s e s  
and o f t e n  equal  t o  93.9%) f o r  most of t h e s e  r eg re s s ions  i n d i c a t e s  
t h a t  t h e r e  is  a r e l a t i o n s h i p  between v a r i a b l e s .  For  example, a s  
r a i n f a l l  increased  a t  Kaloko t h e r e  was a  s imultaneous inc rease  i n  
f l u sh ing  a c t i v i t y .  However, t h e  low r-square va lue  (3 4 6 )  
i n d i c a t e s  t h a t  l i t t l e  of t he  v a r i a t i o n  i n  f l u s h i n g  was explained 
by t h e  v a r i a t i o n  i n  r a i n f a l l .  When phenological  a c t i v i t y  i n  
Yawaii i s  compared wi th  c l i m a t i c  parameters  a t  t h r e e  
r e p r e s e n t a t i v e  s i t e s  i n  South America, a  very s i g n i f i c a n t  
c o r r e l a t i o n  occurs  between daylength a t  Huancayo, Peru ( I  0 '  S 
 at.) and f lu sh ing  a c t i v i t y  t h r e e  months l a t e r  i n  Hawaii. T h i s  
r e l a t i o n s h i p  a l s o  has a  very high r-square value: 0.99. Flushing 
a c t i v i t y ,  however, showed very l i t t l e  r e l a t i o n s h i p  t o  t h e  
v a r i a t i o n  i n  daylength i n  Hawai ' i  ( r 2  = 3.1) .  No o t h e r  
combination of v a r i a b l e s  produced an  r-square g r e a t e r  than  3.5,  
a l though s e v e r a l  o t h e r  r e l a t i o n s h i p s  were s i g n i f i c a n t   a able 1 0 ) .  
The a d d i t i o n  of v a r i a b l e s  t o  each model d i d  l i t t l e  t o  improve t h e  
r-square value of any ~ o d e l  and these  a r e  no t  repor ted .  
The Phys io logica l  L i f e  Cycle of P a s s i f l o r a  mollissim? 
Seed qermination and Di spe r sa l  
Seed germination i n  P a s s i f l o r a  mollissima i s  s taggered 
( "intermediate"  sensu Ng 7 373) .  Seeds a r e  shed i n  a  dormant 
s t a t e  and r equ i r e  a  s h o r t  per iod of a f t e r r i p e n i n g  p r i o r  t o  
germination. The minimum period is unknown, b u t  i n  t h i s  s tudy ,  
seeds gene ra l ly  began t o  germinate four  t o  twelve weeks s f t e r  
p lan t ing;  dry  s to rage  reduced t h i s  per iod t o  2 weeks. h c e  
dormancy i s  broken, germination wi th in  a  cohor t  is  f a i r l y  r ap id  
snd synchronous; most seeds g e m i n a t e  wi th in  e i g h t  weeks. Some 
seeds may r e t a i n  v i a b i l i t y  i n  t he  s o i l  and germinate a t  l e a s t  
e i g h t  months a f t e r  sowing. Dried seeds  r e t a i n  t h e i r  v i a b i l i t y  
f o r  a t  l e a s t  e ighteen  months. 
Escobar (1 380) repor ted  s s i m i l a r  delay i n  germination and 
an inc rease  i n  the  germination r a t e  wi th  seed s torage .  A l l  n ine 
- - 
spec i e s  of P a s s i f l o r a  ( ~ a c s o n i a )  p lan ted  germinated wi th in  15  
days, a f t e r  4 t o  1 2  months of s torage ;  one year  old P .  moll iss ima 
seeds wi th in  3 days ( ~ s c o b a r  1330). I n  contrast; seeds of P .  
t r i a n e  K i l l i p ,  p lan ted  wi th in  one month of c o l l e c t i o n ,  d id  not  
germinate f o r  t h ree  months. Other published reporss  i n d i c a t e  
longer  l a g  per iods ,  from f i v e  weeks t o  20 weeks ( ~ a r s m i l l o  1353; 
Schoniger 1343).  The age and condi t ion  of the  seed a r e  no t  
s p e c i f i e d  i n  these  l a t t e r  experiments t h e r e f o r e  it is impossible 
t o  determine i f  t h i s  d i f f e r ence  r e p r e s e n t s  an inhe ren t  
v a r i a b i l i t y  o r  r e s u l t s  from environmental f a c t o r s .  Seed dormancy 
may be due t o  one o r  s e v e r a l  i nna t e  f a c t o r s :  t h e  presence of s 
hard,  l i g n i f i e d  and heavi ly  c u t i c u l a r i z e d  seed coa t  ( ~ a t h a n  & 
Singh 1373) and/or an immature embryo, a s  suggested by Escobar 
( I  980) .  No o t h e r  re ferences  t o  delayed embryo development i n  
P a s s i f l o r a  spp. were found, however t he  embryology of very few 
spec i e s  has  been inves t iga t ed .  Reten t ion  of apparent ly- r ipe  
f r u i t  on the  v ine ,  f o r  s e v e r a l  weeks, may be a  mechanism t o  allow 
f u r t h e r  embryo development before  t he  f r u i t  is shed. 
Staggered germinst ion and a n  enforced period of 
a f t e r r i p e n i n g ,  coupled wi th  a  hard,  impervious seed c o a t ,  a r e  
c l e a r l y  adapt ive  in  t he  case  of animal d i s p e r s a l ,  which is known 
from Yawai ' i  and supsected i n  t he  n a t i v e  range. Seed dormancy 
~ n d  s taggered  germination may a l s o  be adapt ive  i n  gap-phase 
replacement. Most t r o p i c a l  seeds possess  no dormancy mechanism 
( ~ g  1373; 1375) bu t  delayed germination occurs  i n  a  small  number 
3f spec i e s .  Af te r r ipening  was noted i n  Xorrenia odorata  L i n d l . ,  
3 weedy vine from South F lo r ida  ( ~ l  Ghol e t  aim and the  
n a t i v e  gap-phase t r e e ,  P a l i c o u r i a  r i p a r i a  Benth., from Puer to  
9 i c o  ( ~ e b r o n  1379).  
L igh t  does no t  l i m i t  germination of P. mollissima i n  most 
Yawaiian f o r e s t s .  Germination r a t e s  i nc rease  with l i g h t  
i n t e n s i t y  b u t  a r e  only s i g n i f i c a n t l y  inh ib i ted  a t  l i g h t  
i n t e n s i t i e s  l e s s  than 2.3% f u l l  sun ÿÿ able 3 ) .  aerminat ion 
success  i s  n o t  r e l ~ t e d  t o  l i g h t  i n t e n s i t y .  Low l i g h t  l e v e l s  
found i n  Cibotium f o r e s t s  ( ~ u r t o n  and Meuller-Dombois i n  ~ r e s s )  
may decrease germination r a t e s  but  do not  l i m i t  the es tab l i shment  
of - P. mollissima ( ~ a ~ o s a  1 992). 
- 
I t  is  n o t  e n t i r e l y  c l e a r  whether the  enhanced germination 
r a t e s  i n  h igh  l i g h t  i n t e n s i t i e s  a r e  t he  r e s u l t  of l i g h t  o r  t h e  
higher  temperatures  a s soc i a t ed  wi th  increased  i n t e n s i t y .  L igh t  
may a f f e c t  germination by breaking seed dormancy ( induce 
af t e r r i p e n i n g )  . A 1  though no t  s t r i c t l y  a  temperature-dependen t 
process ,  germinat ion r a t e s  o f t en  inc reases  with temperature,  up 
t o  a  species-dependent threshhold (?4ayer and P o l  jakoff-Mayber 
1375). Elevated temperatures a s soc i a t ed  with high l i g h t  
i n t e n s i t i e s  may r e s u l t  i n  s o i l  des icca t ion .  I n  a r e a s  wi th  
i n s u f f i c i e n t  s o i l  moisture,  t hese  condi t ions  may be de t r imenta l  
t o  t he  s u r v i v a l  of P, mollissimn and counterac t  the  b e n e f i t s  of 
-
higher  germination r a t e  wi th  lowered success   a able 3 ) .  While 
both temperature and l i g h t  i n t e n s i t y  a r e  r e l a t e d  t o  germination 
r a t e ,  l i g h t  shows a s t ronge r  c o r r e l a t i o n  t o  observed g e m i n a t i o n  
r a t e s  than  does temperature (r2dl .85 ; O .6l , r e spec t ive ly )  . 
Fur the r  experiments a r e  necessary t o  determine t h e  exac t  na tu re  
of t he  r e l a t i o n s h i p  between temperature,  l i g h t  i n t e n s i t y  and t h e  
r a t e  of germination. 
Continuous, p r o l i f i c  f r u i t i n g  of P. moll iss ima i n  Hawai ' i  
provides abundant food f o r  n a t i v e  and- e x o t i c  b i r d s  and e x o t i c  
mammals: more than  20 spec i e s  a r e  suspected of d i spe r s ing  t h e  
seeds  throughout t h e  f o r e s t  ( ~ a r s h a u e r  e t  a l .  1393).  Although 
f e r a l  p igs  had previously been i d e n t i f i e d  a s  p r i n c i p a l  d i s p e r s a l  
agen t s  (wong 1971; S i f f i n  1972) ,  t h e i r  r o l e  i n  germination was 
l a r g e l y  unknown. 
Experimental r e s u l t s   a able 4) i n d i c a t e  t h a t  f e r a l  p i g s  
func t ion  p r i n c i p a l l y  a s  disseminat ion agen t s ,  evacuat ing seeds  i n  
a  pulp-free condi t ion  one t o  f i v e  days a f t e r  i nges t ion ,  which 
r e s u l t s  i n  pe r iphe ra l  range expansion of P. mollissima. The 
d i s t ance  t o  which p igs  d i spe r se  seeds  i s  probably l imi t ed  c h i e f l y  
by the  s i z e  of t h e i r  home range r a t h e r  than the  length  of t i ~ e  i n  
t h e  gut .  No enhancement of germination was noted fol lowing p i g  
d i g e s t i o n   a able 4 ) ;  t h e  reason f o r  t h e  s i g n i f i c a n t l y  lower 
germination success  of seeds fed t o  t he  cap t ive  f e r a l  p ig  is  
unclear .  The apparent  discrepancy between t h e  r e s u l t s  of seeds 
co l l ec t ed  from cap t ive  p ig  s c a t s  and those c o l l e c t s d  i n  the  f i e l d  
nay be due t o  d i f f e r e n c e s  i n  t h e  s t age  of a f t e r r i p e n i n g  between 
the  two t rea tments ;  t h e  age of f i e l d - c o l l e c t e d  seeds  was n o t  
known. 4 1 ~ 0 ,  it i s  not  c l e a r  whether the  s i g n i f i c a n t  decrease i n  
dry weight noted f o r  seeds c o l l e c t e d  i n  t he  f i e l d  from pig  s c a t s  
was due t o  t he  d i g e s t i o n  of t he  seed c o s t  by p i z s  o r  soi l -borne 
and coprophilous fungi .  
Although t h e  passage of seeds through f e r a l  p igs  does no t  
d i r e c t l y  i nc rease  germination, they f r equen t ly  provide a  f e r t i l e  
nedium f o r  s eed l ing  growth i n  the  e a r l y  s t a g e s  of es tabl ishment .  
Thi s  i s  f u r t h e r  xi-ded by roo t in5  a c t i v i t i e s  of p igs  which c r e a t e  
?n environment with low cornpetition. Seedl ings  of ?. mollissima 
r a p i l l y  co lonize  these  disturbed. srea:;, which exh ib i rmuch  higher  
d e n s i t i e s  than  surrounding s r eas .  Reduced competit ion is 
p n r t i c u l a r l y  b e n e f i c i a l  where g ra s ses  forn a dense ground cover. 
With repented root ing  of sn s r e a ,  however, mmy seedl ings  a r e  
s ~ b s c q u e n t l y  trampled and/or uprooted. 
Bi rds  a i d  i n  t he  d i s p e r s a l  of P. mollissima t o  previously 
uninfestec? a reas .  I n  s eve ra l  i n s t ances ,  s o l i t a r y  seed l ings  were 
found i n  remote a r e a s  with no seeds o r  fragments i n  evidence and 
no reproduct ive  ind iv idua l s  nearby. The l a r g e s t  nearest-neighbor 
di@csnce rne3sured i n  such s r e a s  was 53 m ,  b u t  e s t ima te s  of 1.0 km 
a r e  common i n  dense!y ve3etated a reas .  
2rowth and Estsblishrnent Phases 
The seed l ing  s t s g e  is o f t en  l i m i t i n g  i n  the  l i f e  cyc le  of 
? l ? n t s ;  t h e  phase i n  which g r e a t e s t  mor t a l i t y  occurs ( ~ a r u t s  
1375; 1-Iarper I 7 .  The extremely high dens i ty  of germinants 
under most condi t ions  i s  evidence t h a t  s i t e  condi t ions  do not  
g sne ra l ly  liinit germination  able 5 ) .  Seedl ing (germinants) 
d e n s i t i e s  a r e  high near  t he  parent  v ine  and l o c a l l y  i n  a r e a s  with 
abundant p ig  a c t i v i t y .  I n  o the r  a r e a s ,  i nd iv idua l s  a r e  widely 
s c a t t e r e d  throughout t h e  f o r e s t .  The h ighes t  m o r t a l i t y  occurs  
later?,  between the  g e m i n a n t  and es tab l i shment  ( juveni le )  s t a g e s  
( ~ s b l e  5;  F igs .  5-5). The su rv iva l  of germinants t o  t h e  juveni le  
s t a g e  i s  inve r se ly  propor t iona l  t o  t h e i r  i n i t i a l  dens i ty   able 
5) a While t h e  dens i ty  of germinants v a r i e s  widely from 
populat ion t o  populat ion,  t h e  d e n s i t y  of juveni les  
( "establ ishment";  Table 5 )  i s  more cons tan t .  
Seedl ings  a r e  rooted i n  a  v a r i e t y  of s u b s t r a t e s  from 
r e l a t i v e l y  unweathered ' a l a  lava t o  deep, organic  ash s o i l s .  A 
n a j o r i t y  of the  f ib rous  r o o t s  a r e  l oca t ed  i n  the  top  t e n  cm of 
s o i l .  Yost s eed l ings  appear vigorous and f r e e  of p e s t s ,  except  
f o r  s lugs .  I n  we t t e r  a r e a s ,  t hese  animals f r equen t ly  a t t a c k  t h e  
growing t i p ,  r e s u l t i n g  i n  t h e  eventual  dea th  of seedl ings .  Deep 
shade f u r t h e r  reduces seedl ing  s u r v i v a l  by inc reas ing  t h e i r  
s u s c e p t i b i l i t y  t o  soi l -borne fungi .  a v e r a l l  seedl ing  s u r v i v a l  
during t h e  13-month period was f a i r l y  high ( 3 2 $ )  and agrees  with 
an independent e s t ima te  (average) from populat ion s t r u c t u r e  
s n a l y s i s  (43%) .  
Growth r a t e s  vary widely wi th in  populat ions b u t  a r e  
g e n e m l l y  c h a r a c t e r i s t i c  of each s t a g e  of t he  l i f e  cyc le   able 
5 .  A t  Kaloko, however, where the  o v e r a l l  growth r a t e s  a r e  
lower, no s i g n i f i c a n t  d i f f e r e n c e  occurs  between the  average 
growth r a t e s  of t he  rapidly-growing juveni le  s t a g e  an?. the  a d u l t  
s t age  ( ~ a b l f e  7 ) .  4verage seedl ing  growth i n  t he  f i e l d  i s  25 cm 
per  year  b u t  some seed l ings  may grow one meter i n  t h e i r  f i r s t  
Year  able 5 ) .  3 t h e r s  appear s tun ted  and e x h i b i t  l i t t l e  o r  no 
growth and low vigor .  Although most of these  "a r r e s t ed"  
seed l ings  succumb wi th in  t h e  f i r s t  year ,  a  small  percentage 
surv ive .  Seed l ings  grown under c o n t r o l l e d  cond i t i ons  exh ib i t ed  
more uniform v igo r ,  sugges t ing  t h a t  d i f f e r e n c e s  i n  v igo r  o r e  
l a r g e l y  phenotypic.  
J u v e n i l e s  grow rap id ly ;  under f avo rab l e  cond i t i ons  
i n d i v i d u a l s  commonly inc rease  one t o  t h r e e  meters  i n  l eng th  i n  a  
s i n g l e  yea r ,  qu ick ly  reaching the  canopy. Short-term s u r v i v a l  of 
j uven i l e s  i s  very high (758) and approximately 53% of j uven i l e s  
surv ive  t o  a d u l t s ,  based on e s t ima te s  from popula t ion  s t r u c t u r e  
 able 5 ) .  
A d i s t i n c t i v e  shoot  morphology is  found i n  j uven i l e s  3nd 
rapidly-growing ( f l u sh ing )  mature shoo t s  and i s  l i k e l y  a  r e s u l t  
of t h e i r  r a p i d  growth r a t e s .  I n  t h e s e  shoo t s ,  l e aves  a r e  sha rp ly  
l a n c e o l a t e  and deeply lobed and in t e rnodes  a r e  long and f l e x i b l e ,  
a s  a r e  t e n d r i l s  ( ~ i ~ .  '3). Root systems of j uven i l e s  a r e  s t i l l  
p r i n c i p a l l y  f i b r o u s  and s u p e r f i c i a l .  
Growth r a t e s  of  a d u l t  shoots  a r e  v a r i a b l e  and composed of 
two d i s c r e t e  phases ,  each wi th  c h a r a c t e r i s t i c  growth r a t e s .  
Growth of  f l u s h i n g  shoots  exceeds t h a t  of non-flushing shoots  by 
a  f a c t o r  of  13 and is t h r e e  t imes f a s t e r  than average j uven i l e  
growth. Non-flushing shoo t s  grow a t  a  r a t e  equ iva l en t  t o  
s eed l ings .  Enhanced reproduct ion  usua l ly  accompanies r a p i d  
growth on f l u s h i n g  shoo t s ,  which a r e  more common i n  t h e  canopy 
and o t h e r  a r e a s  of high l i g h t  i n t e n s i t y .  Th i s  p r o l i f e r a t i o n  is 
common i n  t r o p i c a l  l i a n a s  (Richards 1352; Brender 1  %I ; J m z e n  
1971; Choudhury 1372) ,  b u t  a  dependence upon l i g h t  has n o t  been 
sys t ema t i ca l l y  i nves t i ga t ed .  
The success  of v ines  is commonly a t t r i b u t e d  t o  t h e i r  r ap id  
growth r a t e ,  bu t  t h i s  assumption is l a r g e l y  based upon casua l  
observa t ion  and in fe r ences  from populat ion s t r u c t u r e :  l i t t l e  
p r e c i s e  information on growth r a t e s  e x i s t s .  Ca lcu la ted  growth 
r a t e s  ( h e i g h t )  of P .  moll iss ima a r e  wi th in  t h e  wide range of 
e s t i m a t e s  f o r  lowland t r o p i c a l  c l imbers  (1 t o  50 mIyear) ,  both 
herbaceous and woody ( ~ a i l k ~  1344; Janzen 1971 ; Choudhury 1372) , 
and on a  pa r  wi th  t h e  t r o p i c a l  (lowland) p ioneer  t r e e  Trema 
micrantha ( L .  ) Blume ( ~ w e l  1990) .  
I n  Cibotium f o r e s t s ,  where l i g h t  i s  a t  3 minimum, 
i n d i v i d u a l s  can overtop t h e  canopy (commonly a t  s he igh t  of 3 t o  
5 m) i n  one t o  s i x  y e a r s ,  i f  l i g h t  i s  n o t  l i m i t i n g .  I n d i v i d u a l s  
may go from seed t o  reproduct ive  matur i ty  i n  a s i n g l e  year  
(Chapter 4 ) .  Gap formation a i d s  t h i s  p rocess  and i s  d iscussed  
more f u l l y  i n  Chapter  4. Rapid growth r a t e s  were confirmed by 
Burton ( p e r s .  comm.). He noted t h a t  under favorab le  condi t ions  
fol lowing d i s tu rbsnce ,  P .  moll iss ima a t t a i n e d  t h e  canopy 
( t r ee - f  e rn )  ind reproduced i n  14 months. 
Adults  of - P. m o l l i s s i r n ~  --- a r e  t y p i c a l l y  climbing bu t  may 
remain shrubby o r  become t r n i l i n g  when suppor t s  a r e  lack ing .  
IJnder cond i t i ons  of high l i g h t  i n t e n s i t y ,  shoots  commonly r e t a i n  
n o s t  of t h e i r  l e aves ,  while they a r e  shed under shaded 
r- cond i t i ons .  >ull Pesves (3150 i n  dry ,weas)  c h a r a c t e r i s t i c a l l y  
have a  t h i c k e r  indumcnt ( lower su r f ace )  while shade leaves  and 
those  i n  mesic a r e a s  a r e  more spa r se ly  pubescent.  I n  l a r g e ,  
mature i n d i v i J u a l s ,  a  t ~ p r o o t  is formed. 
S h o o t r t i p  s b o r t i o n  i s  .i regular  feztture of q. moll iss ima;  
ovl2r h a l f  of a l l  tagged shoots  abor ted  durin!; 13 months of 
observat ion.  Th i s  condi t ion  appears  t o  be l a r g e l y  phys io log ica l  
and most shoots  (33%) sp rou t  h e a l t h l y  l a t e r a l s .  Th i s  s i t u a t i o n  
i s  a l s o  r epo r t ed  f o r  3yringa v u l g a r i s  L. ( ~ a r r i s o n  2nd Wetllore 
1351 ) and may be slmmarized a s  follows: 
1 .  Shoot - t ip  ,?iSortion begins  a s  c e s s a t i o n  of apical.  
growth. 
2 .  The 3borted shoa t  can be s t imula ted  t o  regrow 
bu t  regrowth is  l imi t ed  t o  vigorous shoots ,  
3. Delay o r  f a i l u r e  of shoot - t ip  abo r t i on  is  a s soc i a t ed  
wi th  vigorous growth. 
Su rv iva l  and Senescence 
- 
Short-term s u r v i v a l  r eco rds ,  e s t ima te s  of long-term s u r v i v a l  
from popula t ion  s t r u c t u r e   a able 5) and a  genera l  pauc i ty  of 
senescent  i n d i v i d u a l s  i n d i c a t e s  t h a t  s u r v i v a l  r a t e s  of mature c. 
moll iss ima a r e  very  high,  The l i f e  span is  unknown b u t  t h e  
popula t ion  a t  ' 31a1a  i s  more than 23 y e a r s  o ld  and possesses  few 
senescent  i nd iv idua l s .  3choniger  (1959) es t imated  t h e  l i f e  span 
of v i n e s  i n  South America a t  15 yea r s .  
P o l l i n a t i o n  and Reproductive Biology 
Complex movements of t h e  reproduct ive  organs a r e  common i n  
t h e  genus P a s s i f l o r a .  Depending upon t h e  s p e c i e s  i n  ques t i on ,  
t h e s e  movements have been repor ted  t o  promote allogamy, autogamy 
o r  bo th  a asters 1371 ; Foer s t e  1384; Ra j u  1354; Cox 1357; Janzen 
1358; q s r d i n  e t  a l .  1973; Corbet and Willmer 1933; Escobar 1330) .  
The reproduct ive  p a t t e r n  of 2.  moll iss ima t akes  advantage of 
both autogamy and allogamy . A s  -in most self-compatable spec i e s  
i n  t h e  genus, p ro tandry  and t h e  o r i e n t a t i o n  and s p a t i s l  
s e p a r a t i o n  of a n t h e r s  and s t igmas promote ou tc ross ing  during 
e a r l y  a n t h e s i s .  L a t e r ,  s t igmas become more v i s c i d  and po l l en  i s  
s t i l l  v i ab l e .  Stigmas move t o  a  p o s i t i o n  near  t h e  a n t h e r s  
Permi t t ing  s e l f i n g  ( ~ i ~ .  1 2 ) .  Contact  between a n t h e r s  and 
s t igmas of t h e  same f lower ,  wi th  t r a n s f e r  of po l l en ,  was observed 
on sever21  occasions.  
The high inc idence  of f r u i t  s e t  i n  hand-sclfed f lowers  
i n d i c a t e s  t h a t  P, moll iss ima has  a high degree of s e l f  
compa t ib i l i t y .  ~ e s u l t s  of p o l l i n a t i o n  experiments f u r t h e r  
suggest  t h a t  while autogamy i s  poss ib l e ,  it occurs  i n  low 
frequency i n  t h e  ~ b s e n c e  of a  p o l l i n a t o r   able 3 ) .  Exo t i c  
i n s e c t s  appear  t o  be t h e  p r i n c i p a l  p o l l i n a t o r s  of P. moll iss ima 
i n  Hawai ' i .  G e n e r a l i s t  p o l l i n a t o r s ,  inc lud ing  honey bees ,  and 
seve ra l  members of t he  Syrphidae (fl-ower f l i e s ) ,  were t h e  most 
f requent  v i s i t o r s  t o  fl.owefs. Honey bees i nc rease  f r u i t  s e t  of 
?. mollissima i n  p l an tn t ions  i n  South America ( ~ n o n .  1352; 
- 
Escobar 1999) . Although t h r i p s  ( ~ h ~ s a n o ~ t e r a )  and f r u i t  f l i e s  
( ~ r o s o ~ h i l a )  n re  commonly found i n  f lowers ,  they  a r e  considered 
too  small  t o  be e f f e c t i v e  pol l . ina tors  ( ~ i s h i d a  1363). 
Long-billed hummingbirds, common i n  the  high-elevat ion 
Andes, a r e  suspected t o  be the  indigenous p o l l i n a t o r s  of P. 
mollisima. Although long-b i l led  nec t ivo res  occur i n  Hawai t i  
(Drepani idae) ,  t h e i r  b i l l s  a r e  of i n s u f f i c i e n t  length  t o  reach 
t h e  base of t h e  long f l o r a l  tube and ga in  nec t a r  d i r e c t l y .  
Although s e v e r a l  b i r d s ,  both nzitive and e x o t i c ,  r e g u l a r l y  v i s i t  
f lowers  of  P .  mollissima i n  Hawaiian f o r e s t s ,  they  func t ion  
s o l e l y  a s  nectar-robbers  and do not  appear t o  be involved i n  
p o l l i n a t i o n .  The herbivory on f lowers  by b i r d s  and i n s e c t s  does 
no t  prevent  p o l l i n a t i o n  and f r u i t  s e t  b u t  the  c o s t  of n e c t a r  l o s s  
t o  o v e r a l l  reproduct ive  success  is  unknown. 
The prevalence of sunny weather during the  experimental 
a n t h e s i s  per iod  i s  assumed t o  have r e s u l t e d  i n  near  maximal 
l e v e l s  of p o l l i n a t o r  a c t i v i t y  a t  t h i s  s i t e .  P o l l i n a t o r  
e f f i c i e n c y ,  ca l cu la t ed  a s  t h e  d i f f e r e n c e  between f r u i t  s e t  i n  
hand-poll i n a t e d  (maximal f r u i t  s e t )  and open-pol l inated f lowers  
was i n i t i a l l y  f a i r l y  h igh  (55%),  however many of t h e  
open-pol l inated f lowers  subsequently abor ted   a able 3 ) .  I f  e a r l y  
abo r t ion  is considered a  r e s u l t  of i n s u f f i c i e n t  p o l l i n a t i o n ,  and 
the re  i s  evidence t h a t  t h i s  is so  ( ~ k a m i n e  and Girolami 1953),  
then p o l l i n a t o r  success  l a t e r  dec l ined  t o  only 30%. The r e l a t i v e  
con t r ibu t ion  of autogamy and allogamy was n o t  s tud ied  i n  t h i s  
experiment b u t  the  r e s u l t s  of t h r e e  prel iminary t e s t s  a l l  showed 
a  50% higher  f r u i t  s e t  i n  de l ibe ra t e ly - se l f ed  f lowers  when 
eompared wi th  c ros ses  ( d e l i b e r a t e ) .  
The r e s u l t s  of p o l l i n a t i o n  experiments a r e  genera l ly  i n  
agreement wi th  those of Fscobar (1980), who s tud ied  t h e  
p o l l i n a t i o n  of P .  mollissima i n  South America. F r u i t  s e t  was 
always h igher  in Hawait i. Pemberton ( p e r s .  comm. ) , noted t h a t  
f r u i t  a r e  considerably more sbundant i n  Hawai t i  than South 
America b u t  t he  lower number may be a  r e s u l t  of preda t ion  o r  
o t h e r  f a c t o r s ,  r a t h e r  than a  consequence of p o l l i n a t i o n .  
F r u i t  of P .  mollissima r ipen  i n  2.5 t o  3 months and may 
p e r s i s t  on t h e  vine f o r  s e v e r a l  weeks t o  more than a  month. 
Severa l  patho,qens a t t a c k  f r u i t  while on the  vine.  Lesions of - 
Al te rna r i a  spp. and Coletotrichum sp. occurred on 935 of a l l  
f r u i t  i n  t h e  ' 3 1 a t a  a r e s  i n  e a r l y  1333, b u t  t hese  fungi  a r e  no t  
considered harmful t o  f r u i t  development i n  Hawail i ( ~ r a g a k i  pers .  
comm.; Hodges pers .  comm.). Both genera a r e  considered l i m i t i n g  
f a c t o r s  i n  f r u i t  product ion i n  South America ( ~ a r a m i l l o  1358; 
Schoniger 1959) bu t  t h i s  may be f o r  cosmetic reasons only. 
F r u i t  a r e  a l s o  s u s c e p t i b l e  t o  cracking al though the  e t io logy  
of t h i s  condi t ion  i s  unknown. I f  cracking occurs  e a r l y  i n  
development, f r u i t s  remain smal l ,  seeds do not  develop f u l l y  and 
a b o r t i o n  commonly r e s u l t s .  Approximately 403 of a l l  f r u i t  i n  t h e  
' 3 1 a t a  s t u d y  n r e a  were a f f e c t e d  i? e a r l y  1332. F r u i t  c rack ing  
may occur  a s  a  r e s u l t  of s z v e r a l  f a c t o r s .  During a  d rought  
p e r i o d ,  f r u i t  growth i s  r e t 3 r d e d  arid p e r i c a r p  c e l l  w a l l s  may 
become r i g i d .  If a sudden r a i n  f o l l o w s ,  f r u i t  s w e l l  r a p i d l y  and 
c rack  under  t h e  p r e s s u r e .  Such a  p e r i o d  of d rought  fol lowed by 
heavy r s i n  occur red  i n  t h e  e a r l y  p a r t  of 'I332 and may h3ve 
r e s u l t e d  i n  t h e  h i g h  i n c i d e n c e  of t h i s  c o n d i t i o n .  F r u i t - s p l i t  is 
zllso r e p o r t e d  from S o u t h  America where it  r e s u l t s  i n  t h e  l o s s  of 
27% t o  5 0 h f  an  e n t i r e  f r u i t  c rop  (Anon 1962; Schoniger  1359) .  
Flowers  o f  P. mol l i s s ima  a r e  s u s c e p t i b l e  t o  a t t a c k  by t h e  gr3y 
mold ~ o t r ~ t i :  c i n e r i a  P e r s .  ex  F r .  which o c c a s i o n a l l y  i n f e c t s  
f l o w e r s ,  r e s u l t i n g  i n  t h e i r  subsequent  a b o r t i o n ;  t h e  i n c i d e n c e  of 
t h i s  mold i n c r e a s e s  d u r i n g  wet weather .  
Dimorphic f l o w e r s  were no ted  a t  Laupahoehoe d u r i n g  J u l y  and 
Aurfust 1391. While normal f l o w e r s ,  w i t h  'long s t y l e s  and l a r g e  
s t i g m a t i c  s u r f a c e s ,  were most coamon, approximately  20% t o  33% of  
7 1 1  f l o w e r s  examined a t  t h i s  t ime  had s h o r t  s t y l e s  w i t h  
rudi inentsry  s t igmas  which remained below t h e  l e v e l  o f  t h e  a n t h e r s  
3 t  311 t imes .  I n  a m a j o r i t y  of these  f l o w e r s  a n t h e r  development 
w ? s  n o r m l .  These f l o w e r s  appear  t o  be f u n c t i o n a l l y  male b u t  no 
n t t empt  was msde t o  moni tor  f l o r a l  movements i n  t h e s e  i n d i v i d u a l s  
cr t h e i r  subsequen t  f r u i t  s e t .  T h i s  phemenon was n o t  r ecorded  
a g a i n  and i ts  i n c i d e n c e  w i t h i n  t h i s  p o p u l a t i o n  and o t h e r s  i n  
Yawai ' i  i s  unknown. Only a  s i n g l e  r e f e r e n c e  t o  f u n c t i o n a l l y  
3 i o e c i o u s  f l o w e r s  i n  t h e  genus P a s s i f l o r a  was found. Akamine and 
S i r o l a ~ i  (1353) r e p o r t e d  t h a t  i n  some i n d i v i d u a l s  o f  P. e d u l i s  f .  
f l a v i c a r p a  i n  T I a w z i i t  i , s t y l e s  remained u p r i g h t  and never  
recurved.  These f l o w e r s  never  s e t  f r u i t ,  even when hand 
p o l l i n a t e d .  
Asexual r e p r o d u c t i o n  c o n t r i b u t e s  l i t t l e  t o  t h e  r e p r o d u c t i v e  
e f f o r t  of - P.  mol l i s s ima  i n  H a w a i t i .  Apomictic f r u i t  set does  n o t  
occur .  O c c s s i o n a l l y ,  a d v e n t i t o u s  r o o t s  a r i s e  from nodes i n  a r e a s  
where s tems t r a i l  a l o n g  mois t  s o i l  o r  humus b u t  few p l a n t s  
reproduce i n  t h i s  manner. 
P e r i o d i c i t y  i n  t h e  2rowth and Reproduct ion o f  P a s s i f l o r a  
mol l i s s ima  i n  Yawai' i 
Many t r o p i c a l  m o i s t  f o r e s t s  have equab le  c l i m a t e s  only  when 
compared w i t h  temperat2  c o u n t e r p a r t s .  O f t e n  r a i n f a l l ,  d a y l e n g t h  
t empera tu re  and a s o c i a t e d  f a c t o r s  e x h i b i t  f a i r l y  r e g u l a r  annual  
p a t t e r n s ,  c y c l i n g  a t  low a m p l i t u d e s ,  b u t  s u f f i c i e n t  t o  t r i g g e r  
t h e  s e a s o n a l  behav ior  o f  many t r o p i c a l  f o r e s t  s p e c i e s  ( ~ s n z e n  
1357; Wal te r  1371 ; Daubenmire 1972; Wycherly 1373; 3 p l e r  e t  a l .  
137';; S t i l e s  1977). While t r o p i c a l  m o i s t  f o r e s t  communities 3s 3 
whole e x h i b i t  no marked s e a s o n a l i t y  o f  growth o r  r e p r o d u c t i o n ,  
,rimy component s p e c i e s  e x h i b i t  p e r i o d i c  b e h a v i o r  ( J snzen  1957; 
Treat 1775; 3 p l e r  e t  a l .  1330). 
Due t o  t h e  e x t e n s i v e  a l t i t u d i n a l  and l a t i t u d u n s l  range of 
P s s s i f l o r a  a o l l i s s i m a  i n  Sou th  America, p o p u l a t i o n s  ? r e  exposed 
t o  a v a r i e t y  of c l imates .  A l l  s i t e s  can be cha rac t e r i zed  2s 
cool ,  t r o p i c a l  montme environments with f 3 i r l y  even temperatures 
a11 year  and a  d iu rna l  temperature range i n  excess  of the  annual 
v s r i a t i o n .  High r e l n t i v n  humidity and r egu la r  per iods  of fog m:~!ce 
s i g n i f i c a n t  con t r ibu t ions  t o  p r e c i p i t a t i o n  i n  the  montane cloud 
f o r e s t s  b u t  - P.  mollissima i s  a l s o  found (perhaps only ss sn 
escape from c u l t i v a t i o n )  i n  the  d r i e r  a l t i p l a n o  reg ions  of the 
high Andes. 
With r e s p e c t  t o  c l ima te ,  populat ions s tud ied  i n  q a w a i ' i  a r e  
genera l ly  wi th in  the  l i m i t s  found a t  most South American s i t e s :  
t he  two reg ions  d i f f e r  p r i n c i p a l l y  i n  t h e  du ra t ion  and i n t e n s i t y  
of t h e i r  d ry  periods.  Di f fe rences  i n  t he  s e a s o n a l i t y  of r a i n f a l l  
may be found wi th in  each region bu t  i n  Yawai ' i ,  per iods  of dry 
weather gene ra l ly  co inc ide  with inc reas ing  temperatures and 
daylengths while i n  South America, t h e  oppos i te  is t r u e  d able 
I ;  Fig. 4 ) .  Dsylength e x h i b i t s  l e s s  ampl i tud ina l  d i f f e r ence  i n  
South America than  Hawai ' i  b u t  s e a s o n a l i t y  i s  oppos i te  i n  
southern and nor thern  hemispheres. 
Z o l l e c t i v e l y ,  Hawaiian s i t e s  have higher  annual 
p r e c i p i t a t i o n  and s h o r t e r ,  l e s s  pronounced dry seasons than  
se l ec t ed  South American s i t e s   a able 11 ; Fig.  24) .  Both 2 u i t o  
( ~ c u a d o r )  snd Huancayo ( ~ e r u )  experience annual per iods  of 
c l ima t i c  drought ,  b u t  drought i s  in f r equen t  a t  Hawaiian s i t e s .  
When f i t t e d  t o  t he  snnual  s e a s o n a l i t y  ( s i n e )  func t ion ,  r a i n f a l l  
and temperature a t  South American s i t e s  have lower c o r r e l a t i o n  
c o e f f i c i e n t s  than Yawai t i ,  suggest ing a  l e s s  seasonal  environment 
 able I ? ) .  Temperature and daylength e x h i b i t  seasonal  p a t t s r n s ,  
cyc l ing  a t  low ampli tudes,  s t  a l l  s i t e s  except  quite, an  
e q u a t o r i a l  s i t e   able 1 2 ) .  R a i n f a l l  i s  l e s s  seasonal  than 
daylength and temperature b u t  e x h i b i t s  a much g r e a t e r  year ly  
amplitude. A d ry  period of varying length  and magnitude occurs  
a t  a l l  s i t e s .  The low c o r r e l a t i o n  f o r  r a i n f a l l  a t  Bogota, 
Colombia is t h e  r e s u l t  of t h e  presence of two, d i s t i n c t  dry 
periods annual ly;  t h e r e f o r e  t h e  s i n e  func t ion  is  3 poor f i t .  
Although c l imate  diagrams ( a f t e r  Walter e t  a l .  1375) suggest  t h a t  
no e f f e c t i v e  dry seasons a r e  r egu la r ly  found a t  Hawaiian s i t e s  
( ~ i g .  4 ) ,  Janzen (1967) has  noted t h a t  an e f f e c t i v e  dry season, 
with recognizable  behavioral  responses i n  r e s i d e n t  organisms, is  
o f t en  def ined  by the  r e l a t i v e  d i f f e r ences  i n  monthly r a i n f a l l  
r a t h e r  than  the  abso lu t e  amount recieved.  Some a r e a s  with 
e f f e c t i v e  dry  seasons may r ece ive  a s  much a s  150 mm of r a i n  per  
nonth during the  "dry sessonv' .  
Popula t ions  and i n d i v i d u a l s  of - P.  mollissima a r e  
asynchronous, e x h i b i t i n g  continuous growth and reproduct ion a l l  
year.  I n t r a s p e c i f i c  and ind iv idua l  v a r i a t i o n  i n  phenological 
behavior i s  common i n  t r o p i c a l  spec i e s  ( ~ i c h a r d s  1352; Daubenmire 
137'_; Lamoureux 1373; Frankie 1975; 3 p l e r  e t  a l .  1375).  Seasonal 
d i f f e r e n c e s  i n  behavior a r e  r e f l e c t e d  i n  t he  r e l a t i v e  msgnitude 
of a c t i v i t y  throughout the year .  I n  gene ra l ,  e l evs t ed  l e v e l s  of 
var ious  reproduct ive  phases were concentrated i n t o  a  s i n g l e  
snnual per iod ,  cha rac t e r i zed  by a  gradual  i nc rease  and decreass  
( F ~ E .  I  ) . :rowth char2c t e r i s  t i  c s ,  although s e  l sona l  i n  n l t u r c ,  
e x h i b i l  m o w  Ercyuent and shori,zr o s 5 i l l a t o r y  periods.  D i a m t e r  
growth i a  na t  se3sonal.  
Di f fe rcnces  i n  the  p h e n o 1 o ~ ; i c ~ l  behavior of P, m ~ l l i s s i ~ n ~  2 t  
esch s i t e  w-re p r i n c i p a l l y  q u - i l t i t a t i v e  (magmituxe of a c t i v i t y ) .  
I n  most ca ses ,  e leva ted  per iods  of a c t i v i t y  showed overlap among 
s i t e s  b u t  t h e  occurence of the  abso lu t e  maxima o f t e n  d i f f e r e d  by 
one week t o  s e v e r a l  months. Di f fe rences  s l s o  occ i red  i n  the  
3npl i tude  of f l u c t u a t i o n s  among s i t e s .  ' 9 l a ' a  most r requent ly  
sxh lb i t ed  lower ampl i tud ina l  o s c i l l a t i o n s  i n  reproduct ion ,  while 
yea r ly  d i f f e r ence  were g r e a t e s t  a t  Laupahoehoe. G r e a t e s t  o v e r a l l  
reproduct ive a c t i v i t y  was ~ e n e r a l l y  found a t  Lsupahoehoe; 
g r e a t e s t  srowth r a t e s  a t  ' O l s ' a .  q u a l i t a t i v e l y ,  phenological  snd 
c l i m a t i c  p a t t e r n s  showed g r e a t s r  s i m i l a r i t i e s  s t  the  nore q e s i c  
s i t e s ,  ' 3 1 a ' a  and Laupahoehoe, than  e i t h e r  s i t e  showed with 
Kaloko. 
A comparison of da t a  fron the  second ha l f  of 1990 and 1391 
r e v e a l s  s l i g h t  d i f f e r e n c e s  i n  the  t iming and magnitude of peak 
2 e t i v i t y .  Yearly v a r i a b i l i t y  i s  commonly repor ted  f o r  t r o p i c a l  
spec i e s ,  p a r t i c u l a r l y  those growing ou t s ide  pronounced seasonal  
h a b i t a t s  (9 i cha rds  1952; Daubenmire 1972; Croat  1975; Walter e t  
31. 1975; 3 p l e r  a l .  138Cl). Th i s  i nhe ren t  v a r i a b i l i t y  
n e c e s s i t a t e s  a  minimum observat ion period of s e v e r a l  yea r s  before 
?henological  p 3 t t e r n s  can be predic ted  wi th  accuracy. Therefore,  
conclusions resched from the  c u r r e n t  study must be considered 
prel imin3ry,  a l though they may be confirmed with f u r t h e r  
rzsenrch. 
A s i m i l a r  conclusion can be reached regarding t h e  
s s s o c i s t i o n  of phenological  behavior  with c l i m a t i c  p a t t e r n s .  
T l imat ic  cues may be more s e n s i t i v e  than when expressed a s  
longterm monthly averages and hence, overlooked i n  t he  ana lys i s .  
Furthermore, during the  major i ty  of t he  study per iod  (1 980-1 391 ) , 
abnormal weather condi t ions  preva i led  ( ~ ~ ~ e n d i x  2 ) .  I n  t he  e a r l y  
p a r t  of 1930, a l l  s i t e s  experienced from one t o  two months of 
heavy r a i n f a l l  (1-3 t i a e s  average) .  Following t h i s ,  r a i n f a l l  was 
f r equen t ly  well  below average a t  Laupahoehoe and ' 3 1 a ' a .  A t  
Kaloko, r a i n f a l l  was l e s s  than ha l f  of t h e  average r s i n f s l l  f o r  
f i v e  success ive  months during 1391 and a  per iod of c l i m s t i c  
drought occurred ( ~ ~ p e n d i x  2 ) .  No wet per iod ( 130 mm r a i n  per  
nonth) occurred a t  Ysloko between Apri l  1333 and December 1331 . 
Tondit ions 3ccoapanying lowered r a i n f a l l ,  fewer snd s h o r t e r  
per iods  of fog and higher  e f f e c t i v e  temperatures ,  added t o  the  
evaporat ion p o t e n t i a l  a t  a l l  s i t e s  making them e f f e c t i v e l y  d r i e r  
than normal. 
411 phases of flowering ( 2 s  observed i n  ~ a w s i ' i ) ,  f r o a  bud 
i n i t i a t i o n  (accompanying f lu sh ing )  t o  a n t h e s i s ,  a r e  concentra  ten 
i n  t h e  dry season of 311 s i t e s  i n  Hawaii and South America ( ~ i g .  
4 .  Peak f lu sh ing  occurs  e a r l y  i n  t h e  dry season,  ( e a r l y  yay) 
2nd peak a n t h e s i s  occurs  i n  the  mid-to-late dry sesson ( e a r l y  
lug. ) . When the  p a t t e r n s  of i nd iv idua l  populnt ions i n  Hawai' i 
a r e  compared, two g e n e r a l i z a t i o n s  can be made. F i r s t ,  t h e  d e l a y  
i n  a c t i v i t y  a t  Kaloko coresponds t o  3 l a g  i n  t h e  d r y  season  found 
a t  t h i s  s i t e  ( F i g .  1 4 ) .  Peak f l o w e r i n g  (budding)  does  n o t  occur  
i n  t h e  r e l a t i v e l y  wet months of A p r i l  and May b u t  is dz layed  
u n t i l  June,  when r a i n f a l l  i s  d e c l i n i n g .  Tecond, t h e r e  i s  a 
r e l a t i o n s h i p  between t o t a l  annua l  r a i n f a l l  a t  each s i t e  and t h e  
t ime  between p r e d i c t e d  peak phases  of f l o w e r i n g  a c t i v i t y  ( f l u s h ,  
budding and a n t h e s i s ) :  t h e s e  e v e n t s  t e n d  t o  converge wi th  
d e c r e a s i n g  annua l  r a i n f a l l  ( ~ i g .  2 t ) .  
Peak f l o w e r i n g  p e r i o d s  i n  Hnwsi ' i  a r e  s i m i l a r  t o  t h o s e  
r e p o r t e d  from South  America, where a c t i v i t y  is g r e a t e s t  from J u n e  
through August ( ~ e r k l o t s  1375; Escobar  7983).  T h i s  is  a l s o  t h e  
d r y  season i n  t h e s e  s r e s s  ( ~ i g .  4 . ) .  H e r k l o t s  (1375) a l s o  
r e p o r t s  t h a t  maximum f l o w e r i n g  o c c u r s  d u r i n g  t h e  "summer months" 
i n  North A f r i c a  ( ~ e n ~ a ) .  The preponderence o f  d r y  season  
f l o w e r i n g  i s  widespread and well-documented f o r  many a r e a s  i n  
b o t h  t h e  o l d  and new world t r o p i c s ,  b u t  t h e  s t i m u l i  f o r  t h i s  
s c t i v i t y  a r e  l i t t l e  unders tood ( ~ o e l m e y e r  1959; Snow 1355; J a n z e n  
1957; Daubenmire 1372; Burger  137$; Q p l e r  e t  sl. 1975; S t i l e s  
1377; Jackson  1973) .  Climbing s p e c i e s  s t u d i e d  t o  d a t s ,  i n c l u d i n g  
P a s s i f l o r a  spp. ,  c h a r a c t e r i s t i c a l l y  f l o w e r  d u r i n g  t h e  d r i e r  
season  ( ~ a n z e n  1'357, 1953; C r o a t  1975; Benson 1373; Escobar  
1390) .  C r o a t  (1975) hypothes ized  t h a t  wa te r  s t r e s s ,  which may be 
p a r t i c u l a r l y  a c u t e  i n  c l imbing  s p e c i e s ,  cou ld  be r e s p o n s i b l e  f o r  
t r i g g e r i n g  f l o w e r i n g  i n  t h o s e  s p e c i e s  d u r i n g  t h e  d r y  season.  
Zues f o r  f l o w e r  bud i n i t i a t i o n  and a n t h e s i s  i n  t r o p i c a l  
s p e c i e s  may be s i m i l a r  t o  t h o s e  i n  t empera te  a r e a s ,  i n c l u d i n g  
pho toper iod  and thermoper iod,  b u t  c y c l e  a t  a  lower ampl i tude.  
Other  t r i g g e r s  appear  t o  be unique t o  t r o p i c s l  sys tems ( ~ i c h a r d s  
135'2; Yoelmeyer 1959; Wycherly 1375; S t i l e s  1977; Ople r  e t  a l .  
1983) .  S t i l e s  (1377) and O p l e r  e  t a l .  (1930) proposed t h a t  t h e  
sudden d r o p  i n  t empera tu re  ( o r  i n c m a s e d  h u n i d i t y )  r e g u l a r l y  
scompariying t r o p i c a l  summer s to rms  i s  s u f f i c i e n t  t o  t r i g g e r  
s n t h e s i s  i n  c e r t s i n  s p z c i e s .  T h i s  h y p o t h e s i s  accounts  f o r  t h e  
observed v a r i a b i l i t y  i n  t h e  t i r n i n ~  of p h e n o l o g i c a l  peaks of many 
t r o p i c a l  s p e c i e s :  p h o t o p e r i o d i c  o r  t h e m o p e r i o d i c  c u e s  would 
l i k e l y  r e s u l t  i n  more s t r i c t l y  d e f i n e d  annua l  peaks.  
The common c l i m a t i c  v a r i a b l e ,  w i t h  r e s p e c t  t o  peak f l o w e r i n g  
p e r i o d s ,  i n  a l l  h a b i t a t s  o f  P .  m o l l i s s i m  exsmined, is  a p e r i o d  
of low r a i n f a l l  (F ig .  2 4 ) .    his t r e n d ,  however, i s  n o t  suppor ted  
- 
by a  s t r o n g  c o r r e l a t i o n  between monthly r a i n f a l l  and observed 
p h e n o l o g i c s l  p a t t e r n s   able 1 2 ) .  O t h e r  v a r i a b l e s ,  i n c l u d i n g  
t e m p e r s t u r e  and d a y l e n g t h  e x h i b i t  v a r i a b i l i t y  i n  degree  and 
s e a s o n a l i t y  snong t h e  s i t e s .  A v e r y  s t r o n g  c o r r e l 3 t i o n  ( r2=3 .33)  
v s s  found between day leng th  a t  qusncayo, P e r u  ( p u t a t i v e  s p e c i e s '  
o r i g i n )  and f lower  bud i n i t i a t i o n  t h r e e  months l a t e r  i n  H a w a i ' i  
 a able I ? )  b u t  the opposing s e a s o n a l i t i e s  o f  d a y l e n g t h  a t  v a r i o u s  
s i t e s  v e r s u s  t h e  cons t sncy  o f  f lower ing  a t  311 s i t e s  b e l i e s  any 
c3use and e f f e c t  r e l a t i o n s h i p .  Fur the rmore ,  ve ry  low 
c o r r e l a t i o n s  ( r  = 3 .I ) were found between day leng th  i n  H a m i '  i 
2nd phenologicnl  behavior .  
L i t t l e  p r e c i s e  i n f o m a t i o n  is a v q i l  l b l e  on the v s r i a b i l i  ty  
flowerivlg p e r i o d s  throughout  t h e  n a t i v e  r i n g e  of - P.  
n)?li ;si lna.  The g e n e r l l  s i l l i l - t r i t y  i n  p h e n o l o z i c a l  p a t t e r n s  at 
----- 
t ! l ~ e c  s i t e s  i n  ' 4 3 w 3 i 1  i with  d i f f e r i n g  ~ ;ea . ;o r l i l i ty  and the  
'13ree nent  be tween t h e  f lower  i ng and f r u i t i n g  p e r i o d  observed f o r  
3 i and thos'? of South Aqerica and South  A f r i c a ,  s t r o n g l y  
; ' -zq~est  s n  i n t e r n a l .  physiol_oglcal  ryh tbn ,  V a r i a t i o n s  observed 
m o n g  Sawai ian p o p u l a t i o n s  may r e p r e s e n t  phenotypic  p l a s t i c i t y  o r  
Se r e s u l t  o f  t h e  p h y s i o l o g i c a l  c o n d i t i o n  of t h e  i n d i v i d u a l .  
r h c  low c o r r e l a t i o n  b e t w e x  environmental  f a c t o r s  and 
phenolog ica l  p a t t e r n s   able 1 2 )  and l a c k  o f  agreement among 
* i reas ,  f u r t h e r  s u p p o r t s  t h i s  hypo thes i s .  
Nhi le  t h e  mechanism r e s p o n s i b l e  f o r  t h e  r e g u l a r  annual  
sequence o f  d r y  season f lower ing  is  l i t t l e  unders tood ,  t h e  
s e l s c t i v e  advantage o f  d r y  s e ~ s o n  f l o w e r i n g  is  more a p p a r e n t .  
P l a n t s  o f  t r o p i c a l  r e g i o n s  & ? n e r d  h e a v i l y  on b i o t i c  s g e n t s  f o r  
- 5 e i r  p o l l i n a t i o n ,  and a  se le-bt ive  sdvan tsge  is g iven  t o  t h o s e  
s p e c i e s  a b l e  t o  f l o w e r  i n  t h e  I r y  season.  The c l o s e  a s s o c i a t i o n  
Set,i--.e:i f l o w e r i n g  s e a s o n a l i t y  ~ n d  p o l l i n a t o r  s c t i v i t y  h a s  been 
Asmmst ra ted  f o r  s e v e r s 1  groups  of s p e c i e s  i n  t h e  t r o p i c s ,  
irlc Luding P a s s i f  l o r a  spp. ( ~ a n z e n  1357 $1 953 ;  S e n t r y  1374; F r a n k i e  
1975; Y t i l e s  1377) .  I n s e c t  a c t i v i t y  ( b o t h  d i u r n a l  and n o c t u r n a l )  
i n c r e a s e s  d u r i n g  t h e  d r y  season and b i r d s  may seek  o u t  n e c t s r  t o  
i n c r e a s e  t h e i r  d a i l y  f l u i d  consumption ( ~ a n z e n  1357 , I  959). I n  
~ d d i t i o n ,  heavy r a i n s  may be p h y s i c a l l y  damaging t o  f l o w e r s  and 
reduce p o l l e n  v i a b i l i t y .  Yost  P a s s i f l o r a  spp . ,  i n c l u d i n g  P .  
mollissirna have l s r g e  showy f lowers  sdap ted  t o  p o l l i n a t i o n  b y  
i n s e c t s  o r  b i r d s  and occur  i n  h a b i t a t s  where d ry  season  f lower ing  
o f f e r s  a  s e l e c t i v e  advantage.  T h i s  i s  a l s o  t r u e  of t h e  
i n t r o d u c e d  h a b i t a t s  of t h i s  s p e c i e s  i n  H a w a i t i ,  a l t h o u g h  l i t t l e  
is  known about  t h e  p o l l i n a t i n g  a g e n t s  i n  Yawai ' i  o r  e lsewhere .  
I n  a d d i t i o n ,  s o l a r  i n s o l a t i o n  is  g r e a t e r  i n  t h e  d r y  season  
and t h i s  f a c t o r  may be p a r t i c u l a r l y  impor tan t  i n  a r e a s  of 
r e g u l a r ,  heavy c loud  cover ,  such a s  i n  P a s s i f l o r a  mol l i s s ima  
h a b i t a t s .  The i n c r e a s e d  l i g h t  i n t e n s i t y  may t h e  s t i m u l u s  f o r  
i n c r e a s e d  f l o w e r i n g  d u r i n g  t h i s  p e r i o d .  The a s s o c i a t i o n  between 
p r o l i f e r a t i o n  o f  c l imbing  s p e c i e s  and h igh  l i g h t  i n t e n s i t y  h a s  
bsen no ted  p r e v i o u s l y .  
Ripe f r u i t  a r e  produced i n  abundance d ~ l r i n ~  t h e  w i n t e r ,  wet 
season ( ~ e c .  t o  a )  i n  Hawai ' i .  A l l  s i t e s  show a s i m i l a r  
d u r a t i o n  o f  he igh tened  a c t i v i t y .  Peak f r u i t i n g  i s  f a i r l y  
~ y n c h r o n i z e d  among t h e  sitos ( ~ i ~ .  1 7 )  b u t  monthly v a r i s b i l i t y  
(ampl i tude)  is c o n s i d e r a b l y  lower a t  t h e  w e t t e s t  s i t e ,  ' Q l a t  a .  
Vaximum f r u i t  p roduc t ion  o c c u r s  a t  Laupahoehoe, a  mesic s i t e .  
F r u i t i n g  i s  con t inuous  i n  Sou th  America ( ~ s c o b a r  1333) b u t  t h e  
s e a s o n a l i t y  (magni tude) ,  i f  any,  is unknown. A s  f r u i t  mature i n  
3pproximately  3 months from t h e  t ime of  a n t h e s i s ,  it is a p p a r e n t  
t h a t  peak f r u i t i n g  is n o t  s t r i c t l y  c o r r e l a t e d  w i t h  peak 
f lower ing .  The reason  f o r  t h i s  i s  u n c l e a r  a t  t h i s  t ime .  
A l l  measures of growth e x h i b i t  g r e a t e r  month t o  month 
v n r i a b i l i t y  than reproduct ive c h a r a c t e r s  except  f o r  diameter 
growth, which i s  aseasons l  (Fig.  14) .  The lack  of s e l s o n s l i t y  
may be a  r e s u l t  of inadequate measuring techniques,  3s rnonthly 
changes were genera l ly  negl igable .  Higher growth r a t 3 s  occur 
during t h e  warmer, d r i e r  summer months, bu t  t h i s  is  no doubt 
c o r r e l a t e d  with the  s t imu la t ion  of growth on f lu sh ing  shoots .  I n  
c o n t r a s t ,  Benson (1375) noted t h a t  lowland P a s s i f l o r a  spp. 
su f f e red  l a r s e  reduct ions  i n  growth r a t e s ,  i n  seasonal  
environments 3 t  Xio de Jane i ro ,  B r a z i l  (350 m snnual  r a i n f a l l )  
and these  reduct ions  occurred during the  coo le r ,  d r i e r  months of 
winter .  No seasonal  v a r i a t i o n  i n  growth was noted when these  
same s p e c i e s  were grown i n  cons tan t  environments. Although P.  
mollissima i s  evergreen, t h e r e  i s  some s e a s o n a l i t y  i n  leGf 
turnover  during the  year  (F ig .  22) .  The lowest number of leaves  
is  supported i n  t he  dry season while average number i nc reases  i n  
t h e  win te r ,  wet season. 
Popula t ion  Ecology 
P a s s i f l o r a  mollissima i s  e s t a b l i s h e d  and succes s fu l ly  
reproducing i n  a  range of h a b i t a t s  i n  Hawnil i .  A l l  popula t ions  
ssmpled were s t a b l e ,  e x h i b i t i n g  a  range of s i z e s  (diameters)  of 
mature i nd iv idua l s ,  and self-maintaining,  wi th  a c t i v e  replacement 
of mature i nd iv idua l s  by t h e  reproduct ive c l a s s e s .  The bimodal 
d i s t r i b u t i o n  - of diameter c l a s s e s  (mature i nd iv idua l s )  a t  
Laupahoehoe (3) snd ' 31a1a  (1 )  may r ep resen t  s h i s t o r y  of 
pe r iod ic  pe r tu rba t ions  r e s u l t i n g  i n  success ive  waves of 
eotasbl ishment  o r ,  more l i k e l y ,  a  long e s t a b l i s h n e n t  phase of t he  
o r i g i n a l  immigrant(s) . 
Reproduction is abundant a t  most s i t e s .  D e n s i t i e s  f a l l  i n t o  
two d i s c r e t e  ca tegor ies :  low t o  in te rmedia te  ( 5,339 
germinants/ha. ) and very high ( 120,000 germinants/ha. ) ( ~ s b l e  
5 ) .  Those popula t ions  with extremely high germinant d e n s i t i e s  
(~aupahoehoe  ? and 3 and Kaloko 2)  concommitantly have high 
d e n s i t i e s  and l e v e l s  of f e r a l  p ig  a c t i v i t y .  Germinants (and 
seedl ings)  s u f f e r  severe competi t ion from e x o t i c  g ra s ses  which 
form a  nearly-continuous ground cover a t  s i t e s  Xaloko (2)  and 
Laupahoehoe ( 2 )  . Y ounq p l a n t s  a r e  gene ra l ly  densely c l u s t e r e d  i n  
a r eas  of pig-root ing where competit ion from the  g ra s ses  has been 
g r e a t l y  reduced. D e n s i t i e s  3t  t hese  l a t t e r  s i t e s  a r e  l e s s  than 
one-half t h a t  found at1,aupahoehoe ( 3 ) ,  where ground cover is  low 
( y i g s .  7-8). Populat ions with low t o  in te rmedia te  germinant 
d e n s i t i e s  were found i n  a r e a s  of l e s s e r  p ig  a c t i v i t y ,  high csnopy 
cover ( ~ a u ~ a h o e h o e  1 ; Kaloko I ) ,  and i n  t h e  case of populat ions 
i ?  ' O 1 q l s ,  more r ecen t  invssion.  
Vine cover and/or dens i ty  i s  gene ra l ly  i nve r se ly  
propor t iona l  t o  the  t o t a l  p l a n t  cover a t  each s i t e .  Densi ty  of 
2. mollissima genera l ly  decreases  with inc reas ing  he igh t  of t he  
- 
vege ta t ion  s t r a t a ,  a s  expected, bu t  cover is  g r e a t e s t  i n  t he  
s t ratum immediately below t h e  emergent l a y e r ,  a s  is  t o t a l  p l a n t  
cover ( ~ i g s .  7-9). The low v ine  cover i n  t he  emergent l a y e r  may 
b-. Y r e s u l t  of t h e  i n a b i l i t y  of v i n e s  t o  f i n d  s u p p o r t s  f o r  
c l imbing  t o  t h e  uppermost branches  of emerzent t r e e s  ( p u t 2  I 9 3 2 ) .  
Lizh t ,  s a t u r a t i o n  w i t h i n  t h e  canopy may a l s o  be a f a c t o r .  
F i n a l l y ,  it should be not?d t h a t ,  t o  f a c i l i t a t e  sampl ing,  
a l l  p o p u l a t i o n s  were chosen from a r e s s  of i n t e r n e d i a t e  v i n e  
d e n s i t y .  P o p u l s t i o n s  o f  w i d e l y - s c a t t e r e d  i n d i v i d u a l s  w i t h  low 
cover  and t h o s e  w i t h  ve ry  h i g h  d e n s i t y  and e s s e n t i a l l y  103$ cover  
a l s o  occur  r e g u h r i t y  ( ~ a r s h a u e r  e t  a l .  1933). The former  a r e  
found p r i n c i p a l l y  i n  t h e  ' O l a ' a  T r a c t  and t h e  l a t t e r  throughout  
most of t h e  upper -e leva t ion  f o r e s t s  (1500-230 m) o f  t h e  H i l o  and 
Ysnownialee F o r e s t  Reserves  a t  Laupahoehoe. 
P a s s i f l o r a  m o ~ l i s s i m a  u t i l i z e s  an  an  e f f e c t i v e ,  d i v e r s e  
-
p a t t e r n  o f  r e s o u r c e  a l l o c l t i o n  ( " ' s t r a tegy t ' )  which i s  p r i n c i p a l l y  
a b p t e d  t o  p i o n e e r  s i t l l a t i u n s  b u t  a l s o  embodies f e a t u r e s  of 
c l imax s p e c i e s .  T h i s  in t roduced  l i a n a  d i s p l a y s  a wide e c o l o g i c a l  
nnpl-itude i n  a l l  phases  o f  its l i f e  c y c l e .  Responses t o  
environmental  f a c t o r s  by t h i s  p l a s t i c  s p e c i e s  are 
c h a r a c t e r i s t i c a l l y  v a r i a b l e .  
The l i f e  c y c l e  is  c h a r s c t e r i z e d  by a con t inuous ,  p r o l i f i c  
seed  r a i n  and a  f a i r l y  l a r g e ,  p e r s i s t a n t  bank of slow-growing 
s h a d e - t o l e r a n t  s e e d l i n g s .  Seed germina t ion  is s t a g g e r e d  and 
s e e d s  r e q u i r e  a  s h o r t  p e r i o d  p e r i o d  o f  a f t e r r i p e n i n g .  
2 e r m i n s t i o n  r a t e s  a r e  extremely p l a s t i c  b u t  most s e e d s  g e m i n s t e  
w i t h i n  5 months of r i p e n i n g .  V i a b i l i t y  i n  f a i r l y  long f o r  a 
t r o p i c a l  s p e c i e s  ( a t  l e a s t  1 y e a r ) .  Growth r a t e s  i n  t h e  j u v e n i l e  
phase  a r e  r a p i d ;  under f a v o r a b l e  c o n d i t i o n s  i n d i v i d u a l s  r e a c h  
r e p r o d u c t i v e  m a t u r i t y  a t  a n  e a r l y  age.  
The b r e e d i n g  system of P. mol l i s s ima  combines o u t c r o s s i n g  
w i t h  autogamy. Asexual r e p r z d u c t i o n  ( a d v e n t i t i o u s  r o o t i n g )  is 
p r e s e n t  i n  low frequency,  a t  t h e  w e t t e r  sites. A l l  phases  o f  
yrowth and r e p r o d u c t i o n  a r e  con t inuous  and asynchronous w i t h i n  
p o p u l a t i o n s  and on i n d i v i d u a l s .  Peak f lower ing  i s  i n  t h e  d r y ,  
summer months; peak f r u i t i n g  i n  t h e  wet,  w i n t e r  qonths .  
Y o r t a l i t y  i s  low a f t e r  t h e  e s t a b l i s h m e n t  and t h e  l i f e  span can 
exceed 30 y e a r s .  
The combinat ion of t h i s  d i v e r s e ,  o p p o r t u n i s t i c  " s t r a t e g y "  
w i t h  3 g e n e r a l  l a c k  of p r e d a t o r s  and pathogens ,  f a v o r a b l e  
x v i r o n m e n t a l  c o n d i t i o n s  i n  Hawaiian f o r e s t s  (:hpt. 4) and 
e f f e c t i v e  d i s p e r s a l  by e x o t i c  mammals and b i r d s  has  al lowed P. 
mol l i s s ima  t o  invade and m a i n t a i n  p o p u l a t i o n s  i n  a  d i v e r s e  a r r a y  
of  h a b i t a t s  i n  Hawai ' i .  Func t ion ing  a s  a  fas t -growing h e l i o p h y t e  
dvh?r open-canopy c o n d i t i o n s ,  it a l s o  ocup ies  shaded h a b i t a t s  i n  
t h e  msture f o r e s t s  through " g a p p h a s e "  replacment .  
CHAPTER FOUR 
ESTABLISHMENT OF PASSIFLORA M'JLLISSIMA I N  THE CLOSED-CANOPY 
FORESTS OF H A I J A I ' I  TFIROUSH THE "ICHANISM OF GAP-PIjASE REPLACEMENT 
INTRODUCTION 
The r ap id  growth of c l imbers  is a  c h a r a c t e r i s t i c  f e a t u r e  of 
sunny, open s i t e s  and considered,  by some authors ,  an  expression 
of h e l i o p h i l y  i n  t hese  spec i e s  ( ~ i c h a r d s  1352; Fogge 1960; Walter 
1971).  Liana t h i c k e t s  a r e  a  r e g u l a r  f e a t u r e  of a r e a s  where 
n a t u r a l  success ion  i s  held back by f r equen t  d i s tu rbances  (Webb 
1358; Jones  and Gray 1977; Crow 1980).  These t h i c k e t s  r ep re sen t  
a  p ioneer  o r  s e r a 1  s tage ;  gene ra l ly  success ion  f avor s  replacement 
of t h e s e  he l iophytes  ( ~ r e i ~ - ~ m i t h  1952; Dawkins 1951 ; Sudowski 
1955).  
Seve ra l  s t u d i e s  of n a t i v e  f o r e s t  communities i n  Hawai ' i  have 
ind ica t ed  t h a t  spread and dominance of P a s s i f l o r a  moll iss ima,  a n  
e x o t i c  v ine ,  is aided by f a c t o r s  which d i s t u r b  the  overs tory  and 
understory vegeta t ion  ( ~ a c o b i  and Warshauer 1375; Scowcroft and 
Nelson 1376; Burton 1990; Mueller-Dombois e t  a l .  1381 ) . 
P a s s i f l o r a  mollissima is  a  spec i e s  of wide eco log ica l  amplitude, 
occurr ing i n  a  v s r i e t y  of h a b i t a t s  i n  Hawai ' i .  Although p re sen t  
i n  both open and c losed  f o r e s t s ,  t h e  denses t  popula t ions  a r e  
found i n  open f o r e s t s ,  o f t e n  wi th  h i s t o r i e s  of d i s turbance .  
The 'O la ' a  T r a c t  s e c t i o n  of Hawai ' i  Volcanoes Nat iona l  Park 
con ta ins  l a r g e  a r e a s  of closed-canopy t r e e f e r n  ( ~ i b o t i u m  spp. ) 
f o r e s t s  wi th  emergent ' ohi '  a  ( ~ e t r o s i d e r o s  c ~ l l i n ~ ~ o d u c e d  
i n t o  t h e  a r e a  i n  1958 (Wong 1971 ) , t h i s  e x o t i c  v ine  has spread 
rap id ly :  cover  e s t ima te s  show an 13-fold inc rease  i n  10 y e a r s  
(Warshauer e t  a l .  1983).  A severe  windstorm i n  1983, r e s u l t i n g  
i n  heavy d is turbance  t o  t he  emergent and t r e e f e r n  canopies ,  is 
considered t h e  s i n g l e  most important f a c t o r  respons ib le  f o r  t he  
increase  i n  P. rnollissima cover  i n  t h e  ' O l s ' a  T rac t .  Th i s  
i nc rease  and The patchwork p a t t e r n  of d i s t r i b u t i o n  found i n  t he  
' 31a ' a  T r a c t  suggest  t h a t  t h i s  vine spreads  by gap-phase invasion 
and regenera t ion ,  a common phenomenon i n  spec i e s  found i n  t he  
dense shade of t r o p i c a l  f o r e s t  unde r s to r i e s  ( ~ e b r o n  197'3; Nallace 
and Dunn 1339). 
METHODS 
The E f f e c t  of L igh t  on the  Growth and Estsbl ishment  of P a s s i f l o r a  
mollissima 
Seeds were c o l l e c t e d  from r i p e  f r u i t  a t  Laupahoehoe and 
' O l a ' a  a t  two week i n t e r v a l s ,  washed f r e e  of pulp and a i r  d r i ed  
f o r  24 hours  before p l an t ing .  Five seeds  were p lan ted  i n  each of 
10 p o t s  f i l l e d  with vermicul i te  mixed with the prescr ibed  dosags 
of "Saviota" t ime-release 14-1 $-I $ f e r t i l i z e r .  Seedings were 
repeated twice a t  two week i n t e r v a l s .  P o t s  were placed on a 
bench under c l e a r  f i b e r g l a s s  s k y l i g h t s  and watered d a i l y .  The 
d a t e  of emergence was recorded f o r  a l l  seedl ings .  
E igh t  weeks a f t e r  t he  emergence of the  f i r s t  s eed l ings ,  
i n d i v i d u a l s  were grouped according t o  t h e i r  emergence d a t e ,  i n t o  
2 ,  4 and 5-week o ld  seedl ings .  P l a n t s  were segregated by age 
(2,4,5-week o ld)  i n t o  two groups; one group ( 3  per  age) was 
harves ted ,  separa ted  i n t o  r o o t ,  stem and l ea f  components, d r i ed  
a t  30 OC f o r  $3 hours ,  and weighed. Leaf a r ea  (cm2) was 
measured, a t  t he  time of ha rves t ,  wi th  a  LI-C3R L I  3050A o p t i c a l  
planimeter .  The he ight  (cm) of a l l  s eed l ings  was a l s o  measured. 
I n  t h e  o the r  group, t he  he ight  of sll seed l ings  was measured and 
they  were randomly assigned t o  one of f i v e  l i g h t  i n t e n s i t y  
t rea tments  with e i g h t  s eed l ings  of each age pe r  t rea tment  (n=7 
f o r  &week o ld  seed l ings ) .  P l a n t s  were placed under shade 
according t o  a s p l i t - p l o t  design t o  avoid mutual shading, 
Light  i n t e n s i t i e s  were regula ted  by varying nmounts of nylon 
shade c l o t h  and averaged 0.355, 2%, 14%, 50% and 103% of f u l l  
sun. T n t e n s i t i e s  were simultaneuously measured i n  t h e  open ( f u l l  
sun: 103% RLI) and under each shade t rea tment  wi th  a  p a i r  of 
matched Weston I l l umina t ion  meters  equipped with a  s i l i c o n  
photodiode which measures t he  incoming r a d i a t i o n  i n  t he  433 t o  
730 nm wavelenghths. Values i n  t he  f u l l  sun ranged from 1300 
footcandles  under heavy cloud cover t o  10,000 f o o t  candles  under 
t h e  b r i g h t e s t  condi t ions  (230-2300 u ~ / m ~  s ) .  Emphasis was placed 
on lower l i g h t  i n t e n s i t i e s  i n  an a t tempt  t o  more accu ra t e ly  
determine the  t h e o r e t i c a l  l i g h t  compensation p o i n t  ( g a r p e r  I 977) . 
Average ambient noon a i r  temperatures  under va r ious  l i g h t  
i n t e n s i t i e s  were a s  follows: 130% RLI - 26.1 O Z ,  30% R L I  - 22.4 
O c ,  14% RLI - 21.7 O C ,  2% RLI - 20.7 O C  and 3.35% RLI - 21 .O O C .  
S o i l  temperatures  were measured a t  2  cm below the  su r f ace ,  each 
day a t  noon, with a Tele-Thermometer ( p r e c i s i o n  ~ n s t r u m e n t s )  
equipped wi th  a  s o i l  probe. Af t e r  15 days,  t r e a t e d  p l a n t s  were 
harvested and t r e a t e d  a s  i n  t h e  f i r s t  group. 
The p a r t i t i o n e d  dry weights were used t o  de torn ine  the  
r e l a t i v e  biomass of each component ( r o o t ,  stem, l e 3 f )  under each 
l i g h t  i n t e n s i t y .  Re la t ive  growth r a t e s  and 1e3f a r e a s  were 
ca l cu la t ed  us ing  t h e  fol lowing formulas (cooper  1 355; Radf ord 
1967) : 
I .  RELATIVE GROWTH RATE (IJEIGHT) = 
( l n  ~2 - I n  W1) / time 
2. WET ASSIMILATION RATE (%~IGHT) = 
( ( ( ~ 2  - ~ l ) / ( l f a r ?  - l f a r l ) )  
( I n  l f a r 2  - In l f a r l )  / tIme 
3. LEAF AREA RATIO = 
( ( l f a r 2 - l f a r l )  ( l n W 2 - l n W I ) ) /  
( ( l n l f a r 2 - l n l f a r l )  ( ~ 2 - W I ) )  
5.  SPECIFIC LEAF AREA = 
( ( l f a r ?  - l f a r l )  ( l n  lfwt2 - I n  l f w t l ) )  / 
( ( l n  l f a r ?  - I n  l f a r l )  ( l fw t2  - l f w t l ) )  
Where I41 = i n i t i a l  weight (mg) 
W2 = f i n a l  weight (mg) 
l fwtl  = i n i t i a l  l ea f  weight (mg) 
lfwt2 - f i n a l  l e a f  weight (mg) 
l f a r l  = i n i t i a l  l ea f  a r e a  (cm2) 
l f a r 2  = f i n a l  l ea f  a r ea  (cm2j 
to twt l  = i n i t i a l  t o t a l  p l a n t  weight (mg) 
to twt?  = f i n a l  t o t a l  p l a n t  weight (mg) 
time = 15 days 
Dimensional a n a l y s i s   a arb our e t  a l .  1980) was employed 
us ing  d a t a  from the  f i r s t  ha rves t ,  t o  de r ive  a n  empir ica l  
r e l a t i o n s h i p  between he igh t  and weight of s eed l ings  a t  each age. 
These r eg re s s ions  were then  used t o  es t imate  t h e  weight of 
s eed l ings  p r i o r  t o  t reatment .  An average va lue  from t h e  f i r s t  
ha rves t  ( f o r  each age) was used a s  t he  i n i t i a l  weight and a rea  of 
leaves.  
Data from p a r t i t i o n e d  dry weights and growth measurements 
were subjec ted  t o  an a n s l y s i s  of var iance  (SAS GLM program) t o  
determine i f  s i g n i f i c a n t  t rea tment  e f f e c t s  ex i s t ed .  Duncan's 
Mul t ip le  Range T e s t  was used t o  i d e n t i f y  which l i g h t  i n t e n s i t i e s  
and ages  produced s i g n i f i c a n t l y  d i f f e r e n t  e f f e c t s .  
Twenty 10 by 1 3  m contiguous p l o t s  were marked ou t  i n  a  
t r e e f e r n  ( ~ i b o t i u m )  dominated f o r e s t  with s c a t t e r e d  emergent 
Metrosideros t r e e s  ( ~ u r t o n  1333; Burton and Mileller-Dombois i n  
p r e s s ) .  Twenty-f i ve  percent ,  502, 75%, 100% and 0s ( c o n t r o l )  of 
t h e  t r e e f e r n  f ronds  were c u t  and removed from t h e  p l o t s ,  
r e s u l t i n g  i n  r e l a t i v e  l i g h t  i n t e n s i t i e s  ( R L I )  of 15%, 1'7$, 2710, 
43% and 1 0 % ( c o n t r o l )  of f u l l  sun, r e spec t ive ly  (3ur ton  and Yuel l  
er-Dombois i n  p re s s ) .  Each t rea tment  was r e p l i c a t e d  fou r  t imes. 
The d e s i r e d  openness was maintained by pe r iod ic  rernovsl of 
Cibotium f idd leheads  a s  they sppeared. A l l  herbaceous and 
undergrowth spec i e s  were l e f t  undisturbed.  
The f i n a l  s tanding  biomass ( g  dry  wt.) , d e n s i t y  (no./203 m2) 
and percent  cover were s e l e c t e d  a s  i nd ices  of P a s s i f l o r a  
mollissima growth 12  t o  I 4  months l a t e r .  F i n a l  s tanding  biomass 
and d e n s i t y  were measured d i r e c t l y  and percent  cover was 
es t imated  by Burton (unpublished) us ing  t h e  Braun-Blanquet 
cover-abundance s c a l e  (~uel le r -Dombois  and El lenberg  I 974) .  A l l  
i n d i v i d u a l s  of - ?. mollissima wi th in  the  study p l o t s  were t a l l i e d  
by p l o t ,  harves ted ,  d r i ed  and weighed. Before dry ing ,  t he  p11nks 
were p a r t i t i o n e d  i n t o  stems, inc luding  t e n d r i l s ,  leave<: m d  
reproduct ive  p a r t s ,  (and r o o t s  i n  t he  case of gern inmtc ,  ~ r l d  
seedl ings)  and assigned t o  one o f  four  def ined 1ge c l a s s c  1.: 
follows: 
geminants - - ind iv idua ls  without  t r u e  leaves ,  only 
cotyledons present ;  
seedlings--non-reproductive i nd iv idua l s  with t r u e  leaves  
but  without  t e n d r i l s ;  
juveniles--non-reproductive i nd iv idua l s  with t e n d r i l s ;  and 
adul ts--reproduct ive ind iv idua l s .  
Biomass of s eed l ings  and g e m i n a n t s  were combined i n  a  s i n g l e  
c l a s s  ( s eed l ing )  due t o  t h e i r  r e l a t i v e l y  i n s i g n i f i c a n t  biomass. 
For one year  fol lowing the  harves t ing  of P.  molliss&, no 
Cibotium f ronds  were removed and t h e  canopy wi th in  the  p l o t s  was 
allowed t o  recover .  A t  t h e  end of t he  yea r ,  a l l  p l o t s  were 
resurveyed f o r  t h e  presence of g. mollissima. The dens i ty  of 
i nd iv idua l s  (by  age c l a s s )  w i th in  each p l o t  was recorded. 3ua t o  
t h e  small  number of i nd iv idua l s  p re sen t ,  no biomass neasurements 
were made. 
Data were averaged f o r  each t rea tment  snd p l o t t e d  a g a i n s t  
r e l a t i v e  l i g h t  i n t e n s i t y .  Twenty-five percent  and 59% canopy 
removal werz combined i n t o  a  s i n g l e  c l a s s ,  15% RLI, due t o  t he  
small  d i f f e r e n c e  i n  l i g h t  i n t e n s i t y  encountered under both 
t rea tments .  No f u r t h e r  q u a n t i t a t i v e  ana lyses  were performzd on 
t h e  da t a  due t o  t h e  uncont ro l led  na ture  of t h e  s tudy.  
Nevertheless ,  it provides a  va luable  ins igh& i n t o  germination and 
growth, fol lowing canopy d is turbance ,  under f i e l d  condi t ions .  
RESULTS 
L i g h t  and Establ ishment  
A r t i f i c i a l  Shade 
P r i o r  t o  shading, a l l  p l a n t s  received near-maximal sun l igh t .  
A s  a  r e s u l t ,  e f f e c t s  of shading inc lude  any 'adjustments t o  
va r ious  l e v e l s  of shade made during the  i n i t i a l  phase of t he  
experiment. 
L igh t  i n t e n s i t y  produced h ighly  s i g n i f i c a n t  e f f e c t s  
(p=o.C)001) on t h e  o v e r a l l  r e l a t i v e  growth r a t e ,  and i ts  
components n e t  s s s i m i l a t i o n  r a t e  and l e a f  a r ea  r a t i o   a able 1 3 ) .  
The leaf  a r e a  r a t i o  (LAR)  was gene ra l ly  i nve r se ly  propor t iona l  t o  
l i g h t  i n t e n s i t y .  4 t  r e l a t i v e  l i g h t  i n t e n s i t i e s  l e s s  than 1 $% 
however, d i f f e r e n c e s  i n  leaf  a r e a  r a t i o  were not  s t a t i s t i c a l l y  
s i g n i f  icank (Table I 3) . Transformation of t h e  r e l a t i v e  l i g h t  
i n t e n s i t y  t o  a  logar i thmic  s c a l e  emphasizes t h e  d i f f e r e n c e s  i n  
t he  r a t e  of change ( s lope )  of the  LAR among l i g h t  i n t e n s i t i e s  
( ~ i g .  5 I t  i s  evident  t h a t  t h i s  r a t e  is  ~ r e a t e r  a t  h igher  
l i g h t  i n t e n s i t i e s  and n e g l i g i b l e  a t  lower ones. Th i s  
r e l a t i o n s h i p  i s  f a i r l y  c o n s i s t e n t  a t  d i f f e r e n t  ages  (E'ig. 2 5 ) .  
The components of l e a f  a r ea  r a t i o ,  l e a f  weight r a t i o  and 
s p e c i f i c  l e a f  a r e a ,  were s i g n i f i c a n t l y  a f f e c t e d  by l i g h t  
i n t e n s i t y  b u t  d i f f e r e d  i n  t h e i r  response t o  varying i n t e n s i t i e s  
ÿÿ able 1 3 ) .  The l ea f  weight r a t i o  was lowest a t  14% R L I  and 
increased  a t  higher  and lower l i g h t  i n t e n s i t i e s .  I n  c o n t r a s t ,  
t h e  s p e c i f i c  l e a f  s r e a  was inve r se ly  p ropor t iona l  t o  l i g h t  
i n t e n s i t y  b u t  was unaf fec ted  by r e l a t i v e  i n t e n s i t i e s  l e s s  than 
14% pr able 1 3 ) .  Although age had no s i g n i f i c a n t  e f f e c t  on the  
o v e r a l l  mean l e a f  weight r a t i o  (p=O . 5 ) ,  a s  age increased  the 
d i f f e r e n c e  i n  t h i s  r a t i o  among l i g h t  i n t e n s i t i e s  was reduced 
 a able 1 )  The response curves f o r  s p e c i f i c  l e a f  a r ea  were 
s i m i l a r  f o r  a l l  was s i m i l a r  f o r  a l l  ages however, a s  age 
increased ,  t h e  a r e a  was l e s s  a f f e c t e d  by l i g h t  of h igher  r e l a t i v e  
i n t e n s i t y   a able 1  4 )  . 
Net a s s i m i l a t i o n  r a t e s  increased  four-fold wi th  increased  
l i g h t  i n t e n s i t y ,  except  f o r  an anomalous decrease i n  5-week o ld  
p l a n t s  a t  0.35% R L I   a able 1 4 ) .  The r e l a t i o n s h i p  between n e t  
a s s i m i l a t i o n  r a t e  and t h e  logarithm of r e l a t i v e  l i g h t  i n t e n s i t y  
was c u r v i l i n e a r ,  over t he  wide range of l i g h t  i n t e n s i t i e s ,  a t  a l l  
ages ( ~ i ~ .  25)  The sigmoid shape of t h e  curve i n  2 and 4-week 
o ld  p l a n t s ,  i n d i c a t e s  small  changes i n  n e t  a s s i m i l a t i o n  r a t e  a t  
in te rmedia te  (2-1 4% RLI) l i g h t  i n t e n s i t i e s  and r e l a t i v e l y  l a rge  
r a t e s  a t  h igher  and lower i n t e n s i t i e s .  I n  j-week o ld  p l a n t s  t h e  
s lope  was exponent ia l ,  i n d i c a t i n g  g r e a t e r  i n c r e a s e s  i n  n e t  
a s s i m i l a t i o n  r a t e  a t  h igher  l i g h t  i n t e n s i t i e s .  
R e l a t i v e  growth r a t e s  increased  with l i g h t  i n t e n s i t y :  
maximum growth occurred a t  f u l l  sun (103% RLI)  a able 1 3 ) .  A l l  
ages  responded s i m i l a r l y  except  f o r  an unaccountable decrease i n  
r e l a t i v e  growth r a t e  of 5-week old p l a n t s  a t  3.35 R L I   a able 14) .  
Although age had no e f f e c t  on t h e  o v e r a l l  r e l a t i v e  growth r a t e  
(p=0.7) younger p l a n t s  grew considerably slower under low l i g h t  
i n t e n s i t i e s   a able I  ) and "negat ive growth" occurred i n  some 
2-week o ld  p l a n t s .  The sigmoid shape of t he  r e l a t i v e  growth r a t e  
curves gene ra l ly  followed those  of n e t  a s s i m i l a t i o n  r a t e s ,  except  
f o r  ?-week o ld  p l a n t s ,  where t h e  r e l a t i o n s h i p  was nea r ly  l i n e a r  
(E'ig. 25) .  The s t e e p  s lope  between 14% and 100% R L I  i n d i c a t e s  n 
r ap id  r i s e  i n  the  r e l a t i v e  growth r a t e  a s soc i a t ed  wi th  a r i s e  i n  
n e t  a s s i m i l a t i o n  r a t e .  The more gradual  s lope  of t he  r e l a t i v e  
growth r a t e ,  compared with t h a t  of n e t  a s s i m i l a t i o n  r a t e ,  was due 
t o  t h e  con t r ibu t ion  of changes i n  t h e  leaf  a r e a  r a t i o  t o  t he  
o v e r a l l  r e l a t i v e  growth r a t e .  The gradual  s lope  of t h e  r e l a t i v e  
growth r a t e  between 14% and 2% RLI i s  i .ndicat ive of a  s l i g h t  
decrease  i n  the  r a t e  of growth with increased  shade a t  t h i s  l i g h t  
l e v e l .  
Age s i g n i f i c a n t l y  a f f e c t e d  t h e  mean n e t  3 s s imi l a t ion  r a t e  
and l e a f  a r e a  r a t i o  (p=O.OOO1) b u t  had no e f f e c t  on t h e  r e l a t i v e  
growth r a t e  (p=3 .7 ) ,  a t  t h i s  s t a g e  of development. Net 
a s s i m i l a t i o n  r a t e s  were h ighes t  i n  5-week o ld  p l a n t s  b u t  thi.; 
i nc rease  was o f f s e t  by a  lower l ea f  a r e a  r a t i o ,  r e s u l t i n g  i n  no 
n e t  ga in  i n  mean r e l a t i v e  growth r a t e   a able I $ ) .  The lower l e s f  
a r ea  r a t i o  i n  o l d e r  i nd iv idua l s  was a  r e s u l t  of they smal le r  
s p e c i f i c  l e a f  a r e a  i n  5-week o ld  p l a n t s   able I $ ) ;  t he  l ea f  
weight r a t i o  was unaffected by age (p=3.5) . 
q e i g h t  growth increased  with p l a n t  age ( ~ i ~ .  25) al though 
t h i s  measurement was not  ad jus t ed  f o r  i n i t i a l  p l m t  s i z e ,  as was 
t h e  r e l a t i v e  growth r a t e  based on weight changes. Growth i n  
he igh t  was propor-tional t o  l i g h t  i n t e n s i t y  up t o  14% R L I  i n  
'-week o l d  p l a n t s  and 33% R L I  i n  4 and 5-week o ld  p l a n t s  then 
dec l ined  wi th  increased  l i g h t .  An unaccountable decrease i n  
he igh t  (growth) occurred between 3.35% R L I  2nd 2.13% X L I  i n  %week 
o ld  seed l ings .  
Natura l  Shade-Field Experiment 
No i n d i v i d u a l s  of P. moll iss ima were fourid i n  t he  s tudy 
p l o t s  a t  the  time of i n i t T a l  f rond removal except  f o r  1  juveni le  
wi th  low cover (3.1%; Burton; unpublished d a t a ) ,  i n  a 75% removal 
p l o t  (27% RLI) Af t e r  fou r t een  months of canopy removal, t he  
- - 
average d e n s i t y  of P a s s i f l o r a  moll iss ima increased  up t o  5 f o l d  
with increased  l i g h t  i n t e n s i t y  !I?ig. 27) .  The h ighes t  average 
d e n s i t y ,  5 . q  i nd iv .  per  230 m 2 ,  occurred a t  27% r e l a t i v e  l i g h t  
i n t e n s i t y  (XLI) . D e n s i t i e s  were equ iva l en t  i n  c o n t r o l  p l o t s  ( I  0% 
FILT) and under 19OZ canopy removal (435 RLI). J u v e n i l e s  occurred 
i n  t h e  h ighes t  d e n s i t y ,  a d u l t s  were few i n  number (F ig .  2 7 ) .  
Biomass increased  300-fold with increased  l i g h t  i n t e n s i t y  from s n  
average of 0.5 g  per  200 rn2  i n  c o n t r o l  p l o t s  (13% RLI: 0% csnopy 
removal) t o  145 g  pe r  233 r n 2  i n  lOC)*o removal p l o t s  (43$ RLI) 
( ~ i g .  2 3 ) .  I n  c o n t r a s t  t o  d e n s i t y ,  t h e  biomass of a d u l t s  
exceeded t h a t  of a l l  o t h e r  age groups, while  germinants and 
seed l ings  accumulated l i t t l e  biomass (F ig .  23) .  
Highest  d e n s i t i e s  of germinants were i n  c o n t r o l  p l o t s ;  
s eed l ings  i n  27g R L I  p l o t s  ( ~ i ~ .  27) .  No germinsnts  o r  s eed l ings  
occurred i n  43% R L I  p l o t s  (100% removal) a t  t he  time of harves t .  
The biomass of germinants and seed l ings  increased  s l i g h t l y  wi th  
l i g h t  i n t e n s i t y  up t o  27% R L I  (F ig .  23 ) .  Juven i l e  biomass 
increased  from 3.9 g pe r  233 m 2  i n  c o n t r o l  p l o t s  (1 33  RLI) t o  132 
g  pe r  200 m i n  100% removal p l o t s  (43% RLI) . A l l  i nc reases  i n  
biomass were accompanied by h igher  d e n s i t i e s ,  except  a t  13% 7LI. 
Adults occurred i n  very low d e n s i t y  i n  27% and 435 2LI p l o t s  
m d  were absen t  a t  lower l i g h t  i n t e n s i t i e s  ('Fig. 2 7 ) .  The 
presence of a  s i n g l e  i nd iv idua l  i n  275 RLI p l o t s  r e s u l t e d  i n  a  
s u b s t a n t i a l  i nc rease  i n  biomass between 15'6 and 27% R L I  (F ig .  
?3). 
When p l o t s  were resurveyed one year  a f t e r  t h e  ha rves t  of 
P .  mollissima (1991),  only t e n  new i n d i v i d u a l s  were c o l l e c t e d  
- 
from t h e  20 s tudy  p l o t s .  Th i s  r e p r e s e n t s  a  203-fold decrease i n  
dens i ty  from the  time of i n i t i a l  P. mollissirna ha rves t  (1980) 
 a able 1 5 ) .  No ind iv idua l s  were fouxd i n  c o n t r o l  p l o t s  i n  1381; 
t he  remaining t rea tments  averaged l e s s  than  one ind iv idua l  per  
330 m e .  O f  t h e  t en  ind iv idua l s  p re sen t  i n  1381 , e i g h t  were 
juveni les ,  one was a  s eed l ing  and the  remaining one was a  
reproduct ive  ind iv idua l  approximately f o u r  meters  t a l l .  The 
l a t t e r  i nd iv idua l  occurred i n  a  100% canopy removal p l o t  ( 4 3 %  
RLI ) . 
DISCUSSION 
The r e l a t i v e  growth r a t e  of a  p l a n t  is  dependent upon the  
e f f i c i e n c y  of t h e  a s s imi l a to ry  system ( n e t  a s s i m i l a t i o n  r a t e ;  
NAR) and t h e  propor t ion  of photosynthe t ic  a r ea  t o  p l a n t  weight 
( l e a f  a r ea  r a t i o ;  LAR). Thi s  r e l a t i o n s h i p  can be expressed 
mathematically a s  t he  product of t h e s e  two func t ions  (NAR,  LAR: 
Blackman and Wilson 1951).  P l a n t  growth r a t e  p o t e n t i a l s  a r e  
determined by g e n e t i c a l l y  f i xed  i n t e r n a l  f a c t o r s  bu t  s u b j e c t  t o  
modi f ica t ion  by environmental f a c t o r s ,  such a s  l i g h t  and 
temperature ((:rime 1955).  They may a l s o  vary wi th  t h e  s t a g e  of 
p l a n t  development  lackma man and Wilson 1351; Grime 1366; 
Y amaguchi and Fr iend  1 379) . 
Ligh t  i n t e n s i t y  a f f e c t s  t he  growth and morphology of 
P a s s i f l o r a  mollissima. Changes i n  t h e  r e l a t i v e  growth r a t e  (and 
i t s  components NAR and LAR) l a r g e l y  determine t h e  shade to l e rance  
of t h i s  p l a n t  and i t s  competi t ive a b i l i t y  i n  c losed  csnopy 
f o r e s t s  of Hawai ' i .  I n  t h e  e a r l y  s t a g e s  of development, P. 
mollissima func t ions  a s  a  f a c u l t a t i v e  sc iophyte ,  combining 
c h a r a c t e r i s t i c s  of shade t o l e r a n t  and i n t o l e r a n t  p l a n t s .  Unlike 
o b l i g a t e  sc iophytes  (shade p l a n t s ) ,  which c h a r a c t e r i s t i c a l l y  
reach optimum photosynthes is  and growth a t  in te rmedia te  l i g h t  
i n t e n s i t i e s  (1 0-20% R L I ;  Bannis te r  1975) ,  t h e  growth r a t e  of P. 
moll iss ima i n c r e a s e s  r a p i d l y  a t  h ighe r  l i g h t  i n t e n s i t i e s .  
Optimal growth occurs  i n  f u l l  s u n l i g h t  ( ~ i g .  25). The o v e r a l l  
growth r a t e s  of P. moll iss ima a r e  comparable t o  those  repor ted  
f o r  t h e  f a ~ t - ~ r o w i ; ~  annual Xel ian thus   lackma man and Wilson 1951 ; 
Blackman and Black 1953).  
Rapid growth of P. mollissima a t  high l i g h t  i n t e n s i t i e s  is  
a s soc i a t ed  wi th  a  ,greater n e t  a s s i m i l a t i o n  r a t e .  Although r a t e s  
i nc rease  with plant-age (and s i z e ) ,  t he se  inc reases  a r e  o f f s e t  by 
r educ t ions  i n  t he  r e l a t i v e  s i z e  of t he  a s s imi l a to ry  system (LAR)  
  able I .  Consequently, age has no e f f e c t  on mean r e l a t i v e  
growth r a t e s  dur ing  t h e  e a r l y  s t a g e s  of development. Th i s  is 
evident  by t h e  d i f f e r e n c e  i n  s lope  between the  r a t e s  of n e t  
a s s i m i l a t i o n  and r e l a t i v e  growth ( ~ i g .  25): a s  age inc reases ,  s o  
does t h e  d i f f e r e n c e  between t h e  n e t  a s s i m i l a t i o n  and r e l s t i v e  
growth r a t e s .  I n  5 week o ld  p l a n t s ,  t h e  f o r n e r  i nc reases  
exponent ia l ly ;  corresponding inc reases  i n  t he  l a t t e r  a r e  l i n e a r .  
S r e a t e s t  shade to l e rance  is exh ib i t ed  a t  in te rmedia te  t o  low 
l i g h t  i n t e n s i t i e s  ( I -  RLI) ,  where r e l a t i v e  growth r a t e s  
decrease  s l i g h t l y  wi th  increased  shade. Grea t a r  t o l e r ance  i s  a  
consequence of an i n c r e a s i n s l y  e f f i c i e n t  s s i m i l a t o r y  system 
( sma l l  decrease i n  NAR)  and a concurren t  increase  i n  t h e  
photosynthe t ic  a r e a  (LAR) , w i t h  i nc reas ing  shade ( ~ i g .  2 5 ) .  The 
s i g n i f i c a n t  i nc rease  i n  leaf a rea  r a t i o  a t  i n k r m e d i a t e  l i g h t  
i n t e n s i t i e s  i s  due t o  g r e a t e r  l e a f  expansion ( s p e c i f i c  Leaf 
x e a ) ,  a common phenomenon i n  shade t o l e r a n t  p l a n t s  exposed t o  
low l i g h t  i n t e n s i t i e s   rime 1355).  
Very low l i g h t  i n t e n s i t i e s  severe ly  r e s t r i c t  growth and may 
prevent  es tab l i shment  a t  t h i s  s t a g e  of development. When t h e  
re la tLve  l i g h t  i n t e n s i t y  is  l e s s  than 2 % ,  no f u r t h e r  leaf  
expansion occurs  and the  leaf s s e a  r a t i o  remains f a i r l y  cons t an t  
while n e t  a s s i m i l a t i o n  r a t e s  d e c l i n e  r ap id ly .  Consequently, 
under t h e s e  cond i t i ons ,  p l a n t s  show a sharp decrease  i n  r e l a t i v e  
growth and t h e r e f o r e ,  a  lower degree of shade to l e rance  ( ~ i g ,  25) 
 lackma man and Black 1959).  The h igher  r e l a t i v e  growth r a t e  i n  5 
week o ld  p l a n t s ,  under condi t ions  of 0.35% RLI, appears  anomalous 
i n  l i g h t  of o the r  r e s u l t s .  
I n h i b i t i o n  of growth by dense shade decreases  with age i n  
t he  e a r l y  s t a g e s  of development, 2rowth r a t e s  were reduced 93% 
from f u l l  sun t o  dense shade (3,353 ~ L I )  i n  2 ~gcek o ld  p l a n t s ,  
73% i n  3 week o ld  p l a n t s  and only q r i ' %  i n  5 week o ld  p l a n t s  ( ~ a b l a  
1 4 ) .  Experimental r e s u l t s  ind icrAts  t h a t  t h e  growth response i s  
p l a s t i c  and some younger i nd iv idua l s  ( 2  weeks old)  a r e  below t h e  
compensation p o i n t  a t  very low l i g h t  i n t e n s i t i e s  ( l e s s  than 3.355 
R L I ) .  The in to l e rance  of - P.  m o l l i s s i a a  t o  deep shade is 
supported by t h e  abscence of i nd iv idua l s  from densely-shaded 
e x o t i c  t r e e  p l a n t a t i o n s  such a s  t r o p i c a l  ash  (Fraxinus  uhdei 
( ~ e n z i ~ )  ~ i n g e l s h . )  and sug i  pine ( ~ r y p t o m e r i a  j s w ~ r i  
9.  on), while surrounding a r e a s  of more open n a t i v e  f o r e s t  
support  dense popula t ions  of t he  vine.  
Before leaving  the  s u b j e c t  of r e l a t i v e  growth r a t e s ,  t h e  
e f f e c t  of temperature should be noted. Temperatures va r i ed  5 C 
from f u l l  sun t o  t he  deepest  shade (3.355 RLI) and. some of t h e  
inc rease  i n  growth r a t e s  a t  h igher  l i g h t  i n t e n s i t i e s  may be 
a t t r i b u t e d  t o  temperature e f f e c t s .  I n  any case ,  t h e  e f f e c t s  of 
t hese  f a c t o r s  ( l i g h t  and temperature) a r e  very c lose ly - r e l a t ed  i n  
na ture .  
The competetive a b i l i t y  of a  p l a n t  i s  d i r e c t l y  r e l a t e d  t o  
i t s  l e a f  a r e a  index and inc rease  i n  dry ma t t e r  (biomass) ,  b u t  i n  
t he  e a r l y  s t a g e s  of development i n  low l i g h t  environments, it may 
depend equa l ly  upon the  r e l a t i v e  growth i n  he igh t  among spec ies .  
Although many p l a n t s  can t o l e r a t e  deep shade, such cond i t i ons  a r e  
suboptimal and growth is  genera l ly  favored by t h e  higher  l i g h t  
i n t e n s i t i e s  a t  g r e a t e r  he ights .  I n  a d d i t i o n ,  t h e  suppression of 
r o o t  growth a t  low l i g h t  i n t e n s i t i e s  may have negat ive  e f f e c t s  on 
seed l ing  s u r v i v a l  when moisture is  l i m i t i n g  (cooper  1367). A t  
in te rmedia te  t o  low l i g h t  i n t e n s i t i e s  p l a n t s  become e t i o l a t e d  and 
growth i n  he ight  i s  r ap id  (F ig .  25).  A t  lower l i g h t  i n t e n s i t i e s ,  
t h i s  e longat ion  i s  accompanied by a  suppression of l ea f  growth 
bu t  a t  s l i g h t l y  h igher  i n t e n s i t i e s ,  l e a f  a r e a  a l s o  inc reases  
 able 1 4 ) .  A t  r e l a t i v e  l i g h t  i n t e n s i t i e s  g r e a t s r  than 30%, 
height  growth is suppressed,  a 1  though biomass (weight)  cont inues  
t o  i nc rease  ( ~ i g .  '5). 
The patchwork p a t t e r n  of P .  mollissirna d i s t r i b u t i o n  i n  
' 0 l a t  a  and i ts  response t o  experimental  canopy removal i n d i c a t e  
t h a t  succes s fu l  es tab l i shment  and r egene ra t ion  of popula t ions  is 
dependent upon r e g u l a r  d i s turbances  t o  t he  canopy and t h a t  the  
s i z e  and na tu re  of these  gaps determines t h e  na tu re  of  the 
ensuing populat ion.  The phenomenon of "gap-phase" replacement is 
common i n  s p e c i e s  growing i n  t h e  dense shade of t r o p i c a l  f o r e s t s ,  
where l i g h t  i s  a  l i m i t i n g  f a c t o r  ( ~ e b r o n  1979; Wallace & Dunn 
1380).  
Sap formation is a r e g u l a r  f e a t u r e  of Cibotium f o r e s t s .  
Small gaps i n  t h e  t r ee - f e rn  canopy a r e  a s soc i a t ed  wi th  t h e  
co l l apse  of  dead o r  senescent  t r e e s  and windthrows of  
shallow-rooted emergents. D i r e c t  damage t o  the  Cibotium f ronds  
r e s u l t s  from moderate- intensi ty  windstorms which occur 
i r r e g u l a r l y .  The t r ee - f e rn  canopy may a l s o  be d i s tu rbed  l o c a l l y  
due t o  t he  a c t i v i t i e s  of f e r a l  pigs .  Large s c a l e  d is turbance  of 
t h e  Cibotium canopy occurs  fol lowing heavy windstorms, such a s  
t h e  January 1330 storm, which occur on t h e  average once every 
t h r e e  t o  f o u r  yea r s   lumenst stock 1957).  Following such a  s t o m ,  
i n  January of 1930, a  p e r c e p t i b l e  i nc rease  i n  t h e  cover and 
abundance of P. moll iss ima was av ident  w i th in  a  few months. 
- 
The es tab l i shment  of P .  moll iss ima i n  t he  c losed  Cibotium 
f o r e s t  of 'O la t  a  i s  a s soc ig t ed  wi th  i t s  shade to l e rance  i n  t h e  
seed l ing  s t a g e  and i t s  capac i ty  f o r  r ap id  he igh t  growth under 
s u i t a b l e  condi t ions .  I n  t h e  abscence of g a p f o n a t i o n ,  
popula t ions  may be maintained by low numbers of shade t o l e r a n t  
s eed l ings ,  exemplif ied by t h e  presence of widely s c a t t e r e d  
seed l ings  i n  remote, r e l a t i v e l y  undisturbed p o r t i o n s  of t h e  
' O l a t a  T rac t .  
Seed germinat ion i n  P. moll iss ima i s  s t imu la t ed  by t h e  
increased  l i g h t  i n t e n s i t y  an; temperatures  a s soc i a t ed  wi th  canopy 
d i s tu rbance  ( c h a p t e r  3) . The r ap id  and f a i r l y  synchronous 
co lon iza t ion  of p l o t s  fol lowing canopy removal ( ~ i g .  29) and the  
abscence of germinants and seed l ings  i n  100% removal p l o t s  14  
months l s t e r  i n d i c a t e  t h a t  co lon iza t ion  was due l a r g e l y  t o  t h e  
germinat ion of dormant seeds  p re sen t  i n  p l o t s  a t  the  time of 
d i s turbance  r a t h e r  than an i n f l u x  of seeds  v i a  d i s p e r s a l .  Th i s  
conclusion i s  supported by t h e  low number of i nd iv idua l s  
reappearing i n  p l o t s  one year  a f t e r  c e s s a t i o n  of canopy 
d is turbance  and removal of P. mollissima  a able I T ) .  The 
extended v i a b i l i t y  (up t o  1 3  months) and presence of a  dornancy 
mechanism i n  seeds  of - P.  moll iss ima have been demonstrated 
( chap te r  3 ) .  Elsewhere i n  t h e  t r o p i c s ,  s i m i l a r  condi t ions  of 
increased  l i g h t  and temperature were found t o  s t imu la t e  
germination of dormant seeds of "gap-phase" and secondary f o r e s t  
s p e c i e s  ( ~ e  i j e r  1970; L!uclrteman 1373; Lebron 1973).  
The magnitude of the  d i s tu rbance ,  o r  gap s i z e ,  and r e s u l t i n g  
d i f f e r e n c e s  i n  l i g h t  i n t e n s i t y  and r e l a t e d  f a c t o r s  c l e a r l y  a f f e c t  
t h e  r a t e  and p a t t e r n  of es tab l i shment  (E'ig. 30) .  Acceptin2 
seed l ing  es tab l i shment  a s  the  poin t  a t  which thay have "expanded 
a  photosynthe t ic  su r f ace  and a r e  capable of independent 
ex is tence"  (?larper 1977) and t h e  i n s i g n i f i c a n t  con t r ibu t ion  by 
geminan  t s  and seed l ings  t o  t o t a l  biomass (E'ig. 29) , n e ~ l  i g i b l e  
i nc reases  i n  biomass and cover would be expected p r i o r  t o  
e s h b l i s h n e n t ,  Followin5 t h i s  per iod ,  s i g n i f i c s n t  i nc reases  in 
cover  (and t h e r e f o r e  biomass) may be 7 t t r i b u t e d  to  a  grodth 
phlse.  
Cover was inapprec iab le  i n  con t ro l  p l o t s  (13% r e l a t i v e  l i g h t  
i n t e n s i t y )  a f t e r  1 4  months of c a n ~ p y  d is turbance  i n d i c a t i n g  
l i t t l e  es tab l i shment .  4na lys i s  of t h e  f i n a l  p o p u l a t i m  s t v u c t u r c  
and biomass con f imed  t h a t  few germinants became e s t ab l i shed  an3 
l i t t l e  biomass accumulated. Y i th  increased  l i g h t  i n t e n s i t y ,  
es tab l i shment  was acce l a ra t ed  m d  a growth phase, accoapanied by 
s u b s t a n t i a l  i nc reases  i n  bi-omass, occurred (E'ig. 3 )  The 
p o s i t i v e  e f f e c t s  af l i g h t  on growth of P. m o l l i s s i m  have a l s o  
been demonstrated under experimnntal conditz-T;"fe 1 $ )  . A t  
h igher  r e l a t i v e  l i g h t  i n t e n s i t i e s  t he  inc rease  i n  cover exh ib i t ed  
a tendency towards equi l ibr ium,  however t h e r e  was i n s u f f i c i e n t  
da t a  a v a i l a b l e  t o  d i s t i n g u i s h  amoiag: 1 .  a  t r u e  e q u i l i b c i m  
condi t ion ,  2. a  temporary reduct ion  i n  growth due t o  adverse 
environmental cond i t i ons  such a s  t h e  summer 3ry per iod  o r  3 .  
i n t r a  o r  i n t e r - s p e c i f i c  competi t ion e f f e c t s .  
The dep le t ion  of the seed bank fol lowing i n i t i a l  d i s turbance  
sugges ts  t h a t  f u t u r e  co lon iza t ions  may be l a r g e l y  dependent upon 
seed d i s p e r s a l  i n t o  t h e  a rea .  However, seeds  a r e  r egu la r ly  and 
e f f e c t i v e l y  disseminated by f e r a l  p igs  and b i r d s .  
Resu l t s  of both con t ro l l ed  and f i e l d  experiments have 
ind ica t ed  t h a t  wi th in  small  gaps, l i g h t  may l i m i t  the success  of  
2 .  mollissima; growth r a t e s  may be i n s u f f i c i e n t  f o r  i nd i f idu2 la  
- 
t o  reach t h e  canopy before  gap. c lo su re  occurs .  Followinq canopy 
c losure ,  growth and reproduct ion a r e  l a r g e l y  r e s t r i c t e d  t o  the  
canopy. Few leaves  a r e  supported i n  t he  shade of t he  understory 
and dea th  of ap i ces  is  common. Th i s  reduced v i5o r  sugges ts  t h a t  
shade to l e rance  may be  l o s t  wi th  i nc reas ing  age. I n  l a r g e r  
openings, growth exceeds a  c r i t i c a l  l e v e l  and ind iv idua l s  r a p i d l y  
reach t h e  canopy, before  gap c l o s u r e ,  and reproduce. According 
t o  Burtont s (1353) es t ima te s  of f rond ( ~ i b o t i u m )  regrowth, P. 
mollissima may become f i rmly  e s t a b l i s h e d  i n  t h s  canopy, fol lowing 
--
d i s tu rbance ,  we l l  before  t h e  one t o  f i v e  yea r s  necessary f o r  
canopy closure.  The presence of a  reproduct ive  ind iv idua l  i n  t h e  
100$ removal p l o t s ,  one year  a f t e r  c e s s a t i o n  of d i s turbance  and 
removal of a11 P. moll iss ima,  confirms t h a t  sone time i s  needed 
f o r  t h e  mitigaTion of t h e  e f f e c t s  of more ex tens ive  canopy 
- 
dis turbance .  Following t h i s  s t a g e ,  i n d i v i d u a l s  a r e  no longer  
i n h i b i t e d  by the  increased  shade formed wi th  canopy c losu re ,  and 
f r equen t ly  spread l a t e r s l l y  through the  canopy. 
F u r t h e r  support  f o r  the  hypothesis  of gap-phase inv3sion and 
regenera t ion  by P .  moll iss ima comes from populat ion s t r u c t u r e  
a n a l y s i s  a t  t w o - s i t e s  w i th in  t h e  i n t e r i o r  of ' O l a ' a  wi th  
h i s t o r i e s  of d i s turbance  ( ~ i g .  5 ) .  A t  s i t e  '31a 'a-2,  d i s tu rbance  
has  been i n  t h e  form of occas iona l ,  small  gaps i n  t h e  canopy. 
The wide range of v ine  diameters  p re sen t  and d e n s i t y  of 
reproduct ion  c l a s s e s  i n d i c a t e s  an  e s t a b l i s h e d ,  reproducing 
populat ion.  The somewhat i r r e g u l a r  d i s t r i b u t i o n  of d e n s i t y  
w i th in  t h e  diameter  c l a s s e s ,  ( t h e  discont inuous d i s t r i b u t i o n  and 
h ighe r  dens i ty  i n  t he  l a r g e s t  s i z e  c l a s s ) ,  suy,:ests t h a t  s ;na l l ,  
pe r iod ic  pe r tu rba t ions ,  r e s u l t i n g  i n  r e c u r r e n t  bu r s t s  of growth 
and es tab l i shment ,  may have occurred. 
The s i t u a t i o n  a t  s i t e  'Ola'a-1 i s  very d i f f e r e n t .  Much of 
t h e  canopy i s  dead o r  dying a s  a  r e s u l t  of ' o h i f a  d e c l i n e  
( ~ u e l l e r - ~ o m b o i s  e t  a l .  1'380) and t h e  canopy i s  q u i t e  open. The 
t r e e  f e r n  subcanopy i s  only poorly developed and numerous e x o t i c  
he l iophytes  a r e  present .  The presence of a  s i n g l e  l a r g e  
ind iv idua l  i n  a  d i s t r i b u t i o n  otherwise skewed t o  low diameters  
i n d i c a t e s  t h a t  i n i t i a l  co lon iza t ion  occurred some time ago b u t  
t h e  popula t ion  was slow t o  e s t a b l i s h .  Th i s  hypothes is  is  
supported by evidence from a e r i a l  photographs. Photos of t h e  
a r ea  p r i o r  t o  t h e  in t roduc t ion  of P .  moll iss ima,  and s h o r t l y  
t h e r e a f t e r  (1 954, 1965) , show l i t t l e  canopy dieback while more 
r e c e n t  photos (1 379) i n d i c a t e  ex tens ive  canopy dieback. The h igh  
cover  va lues  and adequate reproduct ion c u r r e n t l y  found a t  t h i s  
s i t e  sugges t  t h a t  t h e  populat ion i s  now f i rmly  e s t a b l i s h e d  ( ~ i g s .  
5,9) 
The competi t ive p o s i t i o n  of - P. moll iss ima i n  'C) la ta  i s  aided 
by cond i t i ons  a s s o c i a t e d  wi th  canopy d is turbance .  Comparison of 
t h e  growth r a t e s  of P. mollissima wi th  those  of Metrosideros 
sugges ts  t h a t  fo l lowing  a d i s tu rbance ,  P. moll i ss ima would 
outcompete r egene ra t ing  Metrosideros , which a r e  a l s o  dependent 
upon canopy d is turbance  i n  closed-canopy f o r e s t s  ( ~ u r t o n  and 
Mueller-Dombois i n  p r e s s ) .  Under f i e l d  cond i t i ons ,  s eed l ing  
growth and es tab l i shment  of Metrosideros was adverse ly  a f f e c t e d  
by h igher  l i g h t  i n t ens i t i e s<nd  a s soc i a t ed  cond i t i ons  (h ighe r  
t e m ~ e r s t u r e s  and lowered r e l a t i v e  humidity).  I n  c o n t r a s t ,  
opt imal  growth of P .  mollissima occurs  i n  f u l l  sun (under  
c o n t r o l l e d  condi t ions)  and f i e l d  observa t ions  i n d i c a t e  t h a t  
s eed l ings  a r e  moderately drought t o l e r a n t .  
Srowth and es tab l i shment  of P. no l l i s s ima  i s  p ropor t iona l  t o  
l i g h t  i n t e n s i t y  and assoc iazed  f a c t o r s ,  such a s  h igher  
- 
temperatures .  kl though closed-canopy f o r e s t s  a r e  n o t  optimal 
h a b i t a t s ,  they  a r e  s u s c e p t i b l e  t o  invasion and i n f e s t a t i o n  by 
t h i s  e x o t i c  v ine ,  with r e g u l a r  d i s tu rbances  t o  t h e  canopy, 
through t h e  mechanism of  "gsp-phase" replacement. E f f e c t i v e  
d i s p e r s a l  of seeds  by f e r a l  p igs  and b i r d s  provides a bank of 
wide ly-sca t te red  seed l ings  which a r e  f a i r l y  s hsde- to le ran t  and 
capable of e x p l o i t i n g  canopy gaps, a s  they occur.  T h i s  
combination of e f f e c t i v e  d i s p e r s a l  and "gapphase"  regenera t ion  
a r e  l a r g e l y  responsibe f o r  t he  patchwork p a t t e r n  of d i s t r i b u t i o n  
i n  t h e  IOla 'a  T r a c t  and the  rap id  inc rease  i n  cover obsered 
wi th in  the  l a s t  t e n  years .  
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Table  1. Comparison of some d e s c r i p t i v e  c h a r a c t e r s  o f  t h e  Hawaiian r e p r e s r n t a t l v c s  of P n s s l f l o r a  
mol l l s l rna  (HBK.) B a l l e y  w l t h  S o u t h  American forms of  P. m o l l i s s l m a  and P. Eta L.  
mean ranqe  
P a s s i f l o r a  P a s s i f l o r a  P a s s l f l o r a  P a s s l f  l o r d  
c h a r a c t e r  l o c a l i t y  m o l l i s s i m a  mixta rnol l i ss lma 
-- 
mlxta 
l e a f  b l a d e s  (1) Hawal ' i 1 2 . 1  5 . 1  - 1 8 . 7  
s o u t h  America 8. 3  6 . 5  5 . 3  - 1 7 . 0  3 .5  - 1 2 . 0  
l e a f  b l a d e s  (w) Hawal ' i 1 7 . 8  8 . 1  - 29.5  
S o u t h  Amerlca 10 .0  9 . 5  7 .0  - 25.0  5.h  - 1 8 . 5  
p e t i o l e  (1) Hawai ' i  3 . 3  1 . 2  - 5.7  
South  Amerlca 2 . 2  2 . 0  1 . 5  - 3.0 0 . 9  - 8 . 0  
p e t l o l a r  g lands  ( n o )  Hawal ' i 6 4 - 9  
peduncle  (11 
South  .Wer lca  6 - 1 4  4 - 1 0  
Hawal ' 1 3 . 6  1 . 5  - 6 . 6  
South  America 4 . 3  3.1 1 . 8  - 1 0 . 5  1 . 0  - 9 . 0  
b r a c t  (1) Hawal ' i  4 . 2  3 . 3 -  4 . 9  
gouth  America 3 . 4  4.2 2 . 5  - 5.7 1 . 2  - 7 . 5  
hypanthlum (1) Hawai' i 7 .0  4.7 - 8 .0  
S o u t h  America 
hypanthlum ( d )  Hawal ' I  
South  Amerlca 
s e p a l  (1) Hdwal  '1 
South  Amerlca 
sepa: (w) Hawal ' 1 
South  Amerlca 
f r u l t  (1) Hawai ' i 
S o u t h  Amerlca 
f r u i t  ( w )  Hawai ' i 
South  Amerlca 3 .0  - 4.5  2 . 0  - 3 . 5  
seed  (1) Hawal ' l 5 . 9  5 . 0  - 7 . 0  
South  America 6 .0  3 . 5  - 5.0 
seed  (w) Hawal ' l  4.2 4 .0  - 5 . 0  
South  Amerlca 4 . 5  2 . 0  - 4 . 0  
A l l  measurements i n  cm e x c e p t  s e e d s  I n  mm. 
Hawalian p o p u l a t i o n s  o f  E.  m o l l i s s i m a  average  and r a n g e  of 100 ~ n d i v i d u a l s  sampled l n  1981. 
South  Amerlcan populations of  P. moliss ima and g. a v e r a g e  and range  a s  r e p o r t e d  by E s r o b a r  (19801. 
(1) = l e n g t h ,  (w1 = w l d t h ,  ( d )  = diameter, ( n o )  = number. 
Table 2.  Sunrnary of t he  phys i ca l  f e a t u r e s  of t h e  seven popu la t i on  s t r u c t u r a l  a n a l y s i s  s i t e s  on the  i s l a n d  of  
Hawai ' i .  R a i n f a l l  and temperature  d a t a  from t h e  n e a r e s t  me teo ro log i ca l  s t a t i o n  ( S t a t e  of Hawai ' i  1970). 
Vegeta t ion c l a s s i f i c a t i o n s  from d r a f t  vege t a t i on  maps compiled by J .  D.  J a c o b i  a s  a p a r t  of t h e  U .  S. F i sh  
and W i l d l i f e  S e r v i c e ' s  Hawai ' i  Fores t  Bird Survey. S o i l  i n fo rma t ion  from Sa to  e t  a l .  1973 ( s o i l  maps).  
mean annual  mean annual  v e g e t a t i o n  
s i t e  e l e v a t i o n  c l ima te  type  r a i n f a l l  temperature  c l a s s i f i c a t i o n  
(m) (m) ("C) 
s o i l  
subgroup 
Kaloko-1 1410 sea sona l  f o r e s t  997 
winter-dry  
Kaloko-2 1443 sea sona l  f o r e s t  997 
winter-dry  
Laupahoehoe-1 1780 sea sona l  f o r e s t  2151 
summer-dry 
Laupahoehoe-2 1250 sea sona l  f o r e s t  2151 
summer-dry 
Laupahoehoe-3 1580 sea sona l  f o r e s t  2151 
summer-dry 
'Ola'a-1 1188 r a i n f o r e s t  2880 
'Ola'a-2 1130 r a i n f o r e s t  2880 
15.9  c3Me,2nt(W:ns-tf-xs) t y p i c  
t r o p o f o l i s t s  
15 .9  c3Me ,2nt  (M:ns-xg) hyd r i c ,  l i t h i c  
dys t r andep t s  
11.7  c3Ac-Me ,2n t  (M:ns-Pm) hyd r i c  d s t r andep t s  
14.5 c3Ac-Me,Znt(W:tf,ns) t y p i c  
hydrandepts 
12.5 o3Ac-Me ,2nt  (M:ns-Pm,xg) t y p i c  
hydrandepts 
13.9  c3Me,Znt(W:tf,ns)sng l i t h i c  
t r o p o f o l i s t s  
13.9 s3Me,2nt(W:tf,ns) t y p i c  
hydrandepts 
Legend f o r  vege t a t i on  c l a s s i f i c a t i o n  i s  a s  fo l l ows :  i . e .  s i t e  Kaloko-l 1 2 3 4 5  
c 3 Me,2nt (W:ns-tf-xs) - . 
1. t r e e  canopy cover :  c=closed (>60% cove r ) ;  o=open (25-60%); s = s c a t t e r e d  ( ~ 2 5 % ) .  2. t r e e  canopy he igh t :  
3=>10 m t a l l ;  2=5-10 m t a l l  and t r e e  s p e c i e s  composition: Ac=Acacia koa; Me=Metrosideros c o l l i n a ;  n t = n a t i v e  t r e e  
a s s o c i a t i o n .  3. gene ra l  h a b i t a t  type:  W=wet; M=mesic. 4 .  unde r s to ry  s p e c i e s  composi t ion;  n s=na t ive  shrub;  
t f = t r e e  f e r n ;  x s=exo t i c  shrub;  xg=exot ic  g r a s s ;  h = P a s s i f l o r a  mol l i ss ima.  5 .  o t h e r  informat ion:  sng=many s t and ing  
dead o r  d e f o i i a t e d  t r e e s .  Dash i n d i c a t e s  spec i e s  codominance. 
Tab l e  3. E f f e c t  o f  l i g h t  i n t e n s i t y  on t h e  ge rmina t ion  o f  P a s s i f l o r a  rnol l i ss ima under two d i u r n a l  
t e m p e r a t u r e  regimes a t  Volcano, Hawai ' i .  Duncan's M u l t i p l e  Range T e s t :  means i n  t h e  same row 
w i t h  t h e  same l e t t e r  a r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t ;  v a l u e s  a-c ranked i n  descend ing  o r d e r .  
(P = 0.05.)  
r e l a t i v e  l i g h t  i n t e n s i t y  
2. 
--- 3.6% 10.0% 33.0% 1 0 0 . 0 % ~  
germinat i o n  s tat  i o n  0.35% 2.0% 14.0% 30.0% 100. OX* 
s u c c e s s  (%) V 1  --- 58.6a r18 .3  65.3a 2 5 .0  77.7a t 7.7 1 6 . 7 ~  t 7.7 
s u c c e s s  (%) V2 4 0 . 0 ~  212.0 46.4a r14 .8  4 1 . 2 ~  211.2 34.4a 2 4.8 45.2a 216.8 
ND50 v 1 
--- 6 0 . 0 ~  + 4.6 5 2 . 0 ~  + 0 .7  5 0 . 0 ~  2 2 .0  49.6a r 4.2 
'?)50 V2 63.0' + 3 .2  47.3b ? 0 . 3  45.0ab i 0.6  42.0ab + 0 . 6  40.3a r 0 . 3  
.,. 
I r e l a t i v e  l i g h t  i n t e n s i t i e s  a t  s t a t i o n  Volcano-1 
f r e l a t i v e  l i g h t  i n t e n s i t i e s  a t  s t a t i o n  Volcano-2 
= number of days t o  one-half  maximum germina t ion  
Table  4 .  E f f e c t  o f  d r y  s t o r a g e  and p i g  i n g e s t i o n  on t h e  ge rmina t ion  of P a s s i f l o r a  m o l l i s s i m a .  
Duncan's M u l t i p l e  Range T e s t :  means i n  t h e  same row w i t h  t h e  same letter a r e  n o t  s i g n i f i c a n t l y  
d i f f e r e n t ;  v a l u e s  a-b ranked i n  descend ing  o r d e r .  (P = 0.05.)  Average of f o u r  r e p l i c a t e s ;  
n=50 f o r  each r e p l i c a t e .  
seed  t r e a t m e n t  
v a r i a b l e  f r e s h  d r y  s t o r a g e  c a p t i v e  p i g  f e r a l  p i g  
( f i e l d  s c a t s )  
d r y  weight  of s e e d s  (mg) 287.ga 54.9 - -- 289.6a 2 3 .7  b  250.5 k 5 . 4  
a a b a  ge rmina t ion  s u c c e s s  (%) 63.2 29.8 75.2 26.6 32.0 2 6.4 78.0 29.6 
b  25.7a 20.2 b 70.3 520.1 a  germinat i o n  80.3 26.8 31.0 20.6 
f;D50 = number of days  t o  one-half maximum germina t ion  
Table  5. Dens i ty  (numberlhectare)  and s u r v i v a l  ( p e r c e n t )  of P a s s i f l o r a  m o l l i s s i m a  a t  seven s e l e c t e d  
s i t e s  on t h e  i s l a n d  of ~ a w a i ' i .  S i t e s :  K = Kaloko; L = Laupahoehoe; 0 = ' O l a v a .  
d e n s i t y  s u r v i v a l  
germinant  e s t a b l i s h m e n t  
s i t e  germinant e s t a b l i s h m e n t  e s t a b l i s h e d  t o t a l  t o  t o  
( < 0 . 1  m) (0 .1  - 1 . 0  m) (>1 .0  m) e s t a b l i s h m e n t  e s t a b l i s h e d  
Table  6 .  The g rowth  r a t e  of P a s s i f l o r a  m o l l i s s i m a  a t  t h r e e  s t a g e s  i n  t h e  l i f e  h i s t o r y .  
growth r a t e s  
growth 
c h a r a c t e r i s t i c  a g e  mean range  
d a i l y  i n c r e a s e  i n  
shoot  l e n g t h  (cm) 
d a i l y  i n c r e a s e  i n  
mean i n t e r n o d e  
l e n g t h  (cm) 
y e a r l y  i n c r e a s e  
i n  d iamete r  (mm) 
s e e d l i n g  
j u v e n i l e  
a d u l t  
s e e d l i n g  
j u v e n i l e  
a d u l t  
j u v e n i l e  
a d u l t  
T a b l e  7. The e f f e c t s  of s i t e  and a g e  on t h e  g rowth  o f  P a s s i f l o r a  m o l l i s s i m a .  Duncan's M u l t i p l e  
Range T e s t :  means ( s i t e )  i n  t h e  same row w i t h  t h e  same l e t t e r  a r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t ,  
means (age)  i n  t h e  same column w i t h  t h e  same number a r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t  , means 
l i s t e d  i n  descend ing  o r d e r .  (P = 0 .05 . )  
s i t e  
growth c h a r a c t e r i s  t i c  age  Kaloko Laupahoehoe ' O l a ' a  
d a i l y  i n c r e a s e  i n  
shoo t  l e n g t h  (cm)  
d a i l y  i n c r e a s e  i n  mean 
i n t e r n o d e  l e n g t h  (cm) 
s e e d l i n g  0 .  0 4 0 ~ - ~  
j u v e n i l e  0 . 1 2 2 ~ - ~  
a d u l t  0. 161a-I 
s e e d l i n g  0 . 0 0 1 4 ~ - ~  
j u v e n i l e  
a d u l t  0 . 0 0 5 1 " ~  
y e a r l y  i n c r e a s e  i n  j u v e n i l e  2. 56a-2 2.34 1 .  88C-2 b-2 
shoot  d iamete r  (mm) a d u l t  3 .  Ooa-' 2 .  76b-1 2. 78b-1 
Table  8. Seasona l  index  of shoo t  growth i n  l e n g t h  (cmlday) and d i a m e t e r  (mm/yr) o f  P a s s i f l o r a  
mol l i s s ima  a t  t h r e e  s t a g e s  i n  t h e  l i f e  c y c l e ,  based on t h e  s i n e - f u n c t i o n  
Y = a +. b s i n ( ( c +  X)  2 d-I )  (Br idges  e t  a l .  1981) ; a = monthly mean; b = o v e r a l l  ampl i tude ;  
c  = disp lacement  o r  maximum v a l u e ;  r = P e a r s o n ' s  c o r r e l a t i o n  c o e f f i c i e n t .  
growth mean 
d a t e  of 
ampl i tude  maximum 
s e e d l i n g  l e n g t h  0.57 0.067 0 .021 J u l  6 
j u v e n i l e  
a d u l t  
l e n g t h  
d iamete r  
l e n g t h  0.77 0.16 
d iamete r  0.26 1 . 7  
0.031 Jun 21 
0.086 Feb 15 
0.085 Aug 16 
0.26 J u l  6 
Table  9. R e s u l t s  of p o l l i n a t i o n  exper iments  conducted on P a s s i f l o r a  m o l l i s s i m a  from January  t o  March 
1982 a t  ' O l a ' a ,  Hawai ' i .  N = 50; x and y  r e p r e s e n t  t h e  number o f  tagged pedunc les  l o c a t e d  a f t e r  
t h r e e  and t e n  weeks, r e s p e c t i v e l y .  
t r e a t m e n t  
b r e e d i n g  
system 
% f r u i t  s e t  % f r u i t  s e t  
x at  t h r e e  weeks Y a t  t e n  weeks 
f l o w e r s  emascu la ted ,  
bagged; n o t  p o l l i n a t e d  aPo gamy 
stigmas removed ; 
f lowers  bagged 
f lowers  bagged 
( n a t u r a l  s e l f i n g )  autogamy 
f l o w e r s  bagged ; hand- 
p o l l i n a t e d  ( f o r c e d  
s e l f i n g )  - a u t o  gamy 
f lowers  n o t  bagged 
(open p o l l i n a t  i o n )  
a u t  ogamy o r  
exogamy 4 9 40.82 4 6 15.22 
Table  10. S tepwise  r e g r e s s i o n s  o f  t e m p e r a t u r e ,  d a y l e n g t h  and r a i n f a l l ,  w i t h  0 ,  1, 2 and 3  month l a g s ,  
on t h e  s e a s o n a l i t y  o f  f l u s h i n g ,  a n t h e s i s  and f r u i t i n g  o f  P a s s i f l o r a  m o l l i s s i m a  i n  Hawai ' i .  Data 
a r e  used f o r  t h r e e  s i tes on H a w a i ' i  and t h r e e  sites i n  South America which s u p p o r t  p o p u l a t i o n s  of 
t h e  v i n e .  Only t h e  v a r i a b l e  which b e s t  e x p l a i n s  t h e  observed v a r i a t i o n  i n  p h e n o l o g i c a l  a c t i v i t y  
i s  l i s t e d .  
phenophase 
s i t e  l a t i t u d e  f l u s h  a n t h e s i s  f r u i t  
Hawai ' i  ( a l l  s i t e s )  
Kaloko 
Laupahoehoe 
'Ola '  a  
Bogota Colombia 
Qui to  Ecuador 
Huancayo Peru 
+ r a i n l  
r2=0.457 ** 
- mntemp 
r2=0.543 ** 
- r a i n l  
r2=0.194 
- tempo 
r2=0.099 
+, - i n d i c a t e  s l o p e  of r e g r e s s i o n  
* s i g n i f i c a n t  a t  P=0.05 ** s i g n i f i c a n t  a t  P=0.01 *** s i g n i f i c a n t  a t  P=0.001 
Table  11. Comparison o f  t h e  g e n e r a l  f e a t u r e s  of t h e  c l i m a t e s  of 
P a s s i f l o r a  m o l l i s s i m a  h a b i t a t s  i n  South America ( n a t i v e )  and 
Hawai ' i  ( i n t r o d u c e d ) .  
a r e a  
c l i m a t i c  v a r i a b l e  
- 
H a w a i  ' i South America 
annua l  d a y l e n g t h  d i f f e r e n c e  02:24 00:02 t o  0 1 : l l  
average  a n n u a l  t empera tu re  ( O C )  11 - 18 6 - 20 
annua l  v a r i a t i o n  i n  t empera tu re  ( "C )  2 - 3  3 - 6  
average  a n n u a l  r a i n f a l l  (mm) 1000 - 2900 750 - 2000 
d r y  season  Jun - Sep Jun - Aug 
wet season  Nov - Mar Nov - Mar 
t e m p e r a t u r e s  i n  d r y  season  d e c r e a s i n g  i n c r e a s i n g  
f r e q u e n t  f r e q u e n t  
heavy heavy 
Table  12. S e a s o n a l i t y  o f  t h e  c l i m a t e s  a t  t h r e e  sites on t h e  i s l a n d  o f  Hawai ' i  and i n  South America, 
based on t h e  s i n e  f u n c t i o n  Y = a + b  s i n  ((x + c )  (6 .28/12))  (Bridges  e t  a l .  1981) ;  
r = P e a r s o n ' s  c o r r e l a t i o n  c o e f f i c i e n t ;  a  = t h e  mean v a l u e ;  b  = t h e  ampl i tude ;  c  = t h e  t h e o r e t i c a l  
maximum ( d a t e ) .  
c l i m a t i c  v a r i a b l e  r e g i o n  s i t e  r a b  c 
d a y l e n g t h  ( h r s :  min) Hawai ' i 
S. America 
S. America 
S. America 
t empera tu re  ( " C )  
r a i n f a l l  (mm) 
Hawa i ' i 
S. America 
S. America 
S. America 
Hawai ' i 
Hawai' i 
Hawai' i 
S. America 
S. America 
S. America 
a l l  
Bogota 
Qui to  
Huan c ay o  
a l l  
Bogota 
Qui to  
Huancayo 
' O l a ' a  
Laupahoehoe 
Kaloko 
Bogota 
Qui to  
Huancayo 
May 18 
Jun 12 
Nov 24 
Dec 3 
Aug 6  
Mar 27 
Mar 15 
Dec 12 
Feb 15 
Jan  1 
Apr 27 
Nov 18 
Jan  30 
Dec 2 1  
Table  13. The e f f e c t  of l i g h t  i n t e n s i t y  on t h e  r e l a t i v e  growth r a t e  and a s s o c i a t e d  growth assessments  
- 
of P a s s i f l o r a  m o l l i s s i m a .  Values ; epresen t  mean of 2 ,  4 and 6 week-old p l a n t s . -  Duncan's 
M u l t i p l e  Range T e s t :  means i n  t h e  same row w i t h  t h e  same l e t t e r  a r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t ;  
means (a-d) l i s t e d  i n  descend ing  o r d e r .  F u l l  sun  = 100; range  of noon l i g h t  i n t e n s i t i e s  i n  f u l l  
sun: 230-2300 w ~ * m - ~ = s - ' .  
r e l a t i v e  l i g h t  i n t e n s i t y  
v a r i a b l e  
r e l a t i v e  growth r a t e  
( g l g - d a y )  
n e t  a s s i m i l a t i o n  r a t e  
(g/drn-2 *day)  
l e a f  a r e a  r a t i o  
(dm12 g) 
l e a f  weight  r a t i o  
( d g )  
s p e c i f i c  l e a f  a r e a  
(dm12 g)  
Table 14. The e f f e c t  of l i g h t  i n t e n s i t y  on t h e  r e l a t i v e  growth r a t e ,  
and i t s  d e r i v a t i v e s ,  of P a s s i f l o r a  moll iss ima a t  t h r e e  s t a g e s  of 
development. Duncan's Mul t ip le  Range T e s t :  means i n  t h e  same 
column w i t h  t h e  same l e t t e r  a r e  not  s i g n i f i c a n t l y  d i f f e r e n t ;  means 
(a-d) l i s t e d  i n  descending o rde r .  F u l l  sun = 100; range of noon 
l i g h t  i n t e n s i t i e s  i n  f u l l  sun: 230-2300 U ~ / m ~ * s l .  
r e l a t i v e  i n i t i a l  age (weeks) 
l i g h t  
v a r i a b l e  i n t e n s i t y  2 4 6 
n e t  a s s i m i l a t i o n  
r a t e  
(g/dm2*day 
l e a f  a r e a  r a t i o  
(dm2 /g> 
r e l a t i v e  growth 0.35 
r a t e  2.0 
(g/g0day)  14.0 
30.0 
100.0 
0.35 
2.0 
14.0 
30.0 
100.0 
0.35 
2.0 
14.0 
30.0 
100.0 
l e a f  weight r a t i o  0.35 
(g.g-3 2.0 
14.0 
30.0 
100.0 
s p e c i f i c  l e a f  a r e a  0.35 
(dm2 g-l ) 2.0 
14.0 
30.0 
100.0 
Table  15. Number of p l a n t s  appear ing  i n  exper imenta l  p l o t s  a t  i n i t i a l  
h a r v e s t ,  a f t e r  one yea r  of canopy d i s t u rbance  (1980),  and one year  
a £  t e r  i n i t i a l  h a r v e s t ,  f o l l owing  c e s s a t i o n  of canopy d i s t u r b a n c e  
(1981). 
s t a g e  of development 
yea r  germinant s e e d l i n g  j u v e n i l e  a d u l t  t o t a l  

Fig. 2 .  Representat ive specimen of t h e  t y p i c a l  form of P a s s i f l o r a  mollissima (HBK.) Bailey 
from South America. Note t h e  genera l  s i z e  and shape of f lowers and l eaves .  

Fig.  3 .  Locat ion of t h e  t h r e e  P a s s i f l o r a  moll iss ima s tudy a r e a s ,  
Kaloko, Laupahoehoe and 'Ola'a, on t h e  i s l a n d  of Hawai ' i .  
F i g .  4 .  Climate diagrams of t h e  t h r e e  s t u d y  a r e a s  on t h e  i s l a n d  o f  
Hawai ' i .  Format f o l l o w s  Walter  e t  a l .  (1975).  The uppermost 
l i n e  r e p r e s e n t s  mean monthly p r e c i p i t a t i o n  p l o t t e d  w i t h  
r e f e r e n c e  t o  t h e  r igh t -hand  o r d i n a t e .  The bottom l i n e  
r e p r e s e n t s  mean monthly a i r  t empera tu re  p l o t t e d  w i t h  r e f e r e n c e  
t o  t h e  l e f t - h a n d  o r d i n a t e .  The mean annua l  p r e c i p i t a t i o n  i s  
found i n  t h e  upper r ight-hand c o r n e r  of each diagram; t h e  mean 
annua l  a i r  t empera tu re  i n  t h e  c e n t e r .  The f i g u r e  i n  t h e  upper  
l e f t  r e p r e s e n t s  t h e  number of y e a r s  of o b s e r v a t i o n s  f o r  
t empera tu re  and r a i n f a l l  ( r e s p e c t i v e l y ) ,  o r  b o t h ,  i f  o n l y  
one number a p p e a r s .  R a i n f a l l  and t empera tu re  d a t a  a r e  from 
t h e  n e a r e s t  m e t e o r o l o g i c a l  s t a t i o n ;  long-term a v e r a g e s  from 
S t a t e  of Hawai ' i  (1970).  Monthly r a i n f a l l  v a l u e s  g r e a t e r  
t h a n  100 mm a r e  i n d i c a t e d  by blackened a r e a s .  Dot ted a r e a s  
r e p r e s e n t  "humid" p e r i o d s  . 
KALOKO 1372 m elev. 
u 
J F M A M J J A S O N D J  
LAUPAHOEHOE 1635 rn elev. 
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* ( 5 9 5  12.7' 2151 rnrn 1 
300 
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KALOKO I 
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r*productlon closasn of vlnas > I m In halpht 
Fig. 5. Distribution of diameter and height classes of Passiflora 
mollissima at two sitec in the Kaloko and 'Ola'a areas on 
the island of Hawai'i. 
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Fig. 6. Distribution of diameter and height classes of Fassiflora 
mollissima at three sites in the Laupahoehoe area on the 
island of Hawai'i. 
Fig. 7 .  The d i s t r i b u t i o n  of P a s s i f l o r a  moll iss ima dens i ty  and cover  and t o t a l  p l a n t  cover i n  va r ious  
' v e g e t a t i o n  l a y e r s  a t  each s i t e  i n  t h e  Kaloko a rea  on t h e  i s l a n d  of Hawai ' i .  

Fig .  8. The d i s t r i b u t i o n  of P a s s i f l o r a  m o l l i s s i m a  d e n s i t y  and cover  and t o t a l  p l a n t  cover  i n  v a r i o u s  
v e g e t a t i o n  l a y e r s  a t  each s i t e  i n  t h e  Laupahoehoe area on  t h e  i s l a n d  of Hawai ' i .  
GROUND 
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TREE 
FERN 
% COVER O/o COVER 
F i g .  9. The d i s t r i b u t i o n  of P a s s i f l o r a  moll iss ima d e n s i t y  and cover and t o t a l  p l a n t  cover i n  va r ious  
vege ta t ion  l a y e r s  a t  each s i t e  i n  t h e  'Ola 'a  T rac t  on t h e  i s l a n d  of Hawai'i. 
TOTAL PLANT 
COVER 
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MOLLlSSlMA 
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Fig. 10. Survival of seedlings, juveniles and adults of Passiflora mollissima, --- over an eighteen 
month period, at three sites on the island of Hawai'i, 
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Fig .  11. Seasona l  d i s t r i b u t i o n  of t h e  d a i l y  shoo t  growth,  as  measured by changes  i n  shoot  l e n g t h  (cm/month), 
of P a s s i f l o r a  mol l i s s ima  a t  t h r e e  s t a g e s  i n  t h e  l i f e  c y c l e .  
Fig. 1 2 .  Movement and p o s i t i o n  of v a r i o u s  f l o r a l  p a r t s  dur ing  a n t h e s i s  i n  P a s s i f l o r a  moll iss ima.  
A. Flower p r i o r  t o  a n t h e s i s  showing t h e  appressed ,  i n t r o r s e  a n t h e r s .  B. Flower a t  e a r l y  
a n t h e s i s  (day 1). Anthers a r e  o r i e n t e d  900 from t h e i r  o r i g i n a l  p o s i t i o n  ( A ) .  Note a l s o  
t h e  downward o r i e n t a t i o n  of t h e  s t igmas and t h e i r  p o s i t i o n  below t h e  a n t h e r s .  C .  Close-up 
of t h e  a n t h e r s  and s t igmas on day 1 of a n t h e s i s .  Anthers a r e  e x t r o r s e  and s t y l e s  have begun 
t o  curve  upward and outward. D.  Flower w i th  p e r i a n t h  i n  h o r i z o n t a l  p o s i t i o n  (day 1 o r  2 ) .  
Anthers a r e  e x t r o r s e .  E.  Flower i n  i t s  f u l l y - r e f l e x e d  p o s i t i o n  ( l a t e  i n  day 1 o r  2 ) .  
F. Flower on day 3 of a n t h e s i s  showing re laxed  p e r i a n t h  and reproduct ive  p a r t s .  

Fig. 13. Examples of herbivory on t h e  n e c t a r  tube  of f lowers  of 
P a s s i f l o r a  moll iss ima.  Upper photo shows damage done 
by small herb ivores ,  such a s  honey bees.  Bottom photo 
i l l u s t r a t e s  damage from b i rds .  
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Fig. 14 .  The seasonal  behavior  of P a s s i f l o r a  moll iss ima i n  Hawai'i. 
Changes i n  t h e  magnitude of t h e  monthly growth and 
r ep roduc t ive  i n d i c e s  based on t h e  s i n e  func t ion  (Bridges 
e t  a l .  1981). r = Pearson 's  c o r r e l a t i o n  c o e f f i c i e n t .  
a  = monthly mean. b = annual amplitude. c = displacement 
o r  maximum value .  
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Fig. 15. Comparison of the seasonal changes in the magnitude 05 
flowering (budding) in three populations of Passiflora 
mollissima on the island o C  Kawai'i with the mean response 
--- 
of all populations. Based on the sine function (Rrjdgrs 
et al. 1981). r = Pearson':; correlation coeif icient; 
a = monthly mean; b = annual. amplitude; c = displacement 
or maximum value. 
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Fig.  16. Comparison of t h e  s e a s o n a l  changes  i n  t h e  magnitude 05 
- 
f l o w e r i n g  ( a n t h e s i s )  i n  t h r e e  p o p u l a t i o n s  of P a s s i f l o r a  
mol l i s s ima  on t h e  i s l a n d  of I iawai ' i  w i t h  t h e  mean response  
of a l l  p o p u l a t i o n s .  Based on t h e  s i n e  f u n c t i o n  (Br idges  
e t  a l .  1981).  r = F e a r s o n ' s  c o r r e l a t i o n  c o e f f i c i e n t ;  
a  = monthly mean; b = annua l  ampl i tude ;  c  = displacement  
o r  maximum v a l u e .  
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Fig. 17. Comparison of the seasonal changes in 
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the magnitude 0 T 
- 
fruiting in three populations of Passiflora mollissima 
-- 
on the island of Ilawai'i with the mean response of all 
populations. Based on the sine function (Bridges et al. 
1981). r = Pearson's correlation coefficient; a = monthly 
mean; b = annual. amplitude; c = displacement or maximum 
value. 
FLUSHING 
S I T E  MONTH I 
J I F ~ M ~ A I M I J I J I A ~ ~ I o I N I D I  I 
K ALOKO -2 
LAUPAHOEHOE 
- 
PAT ' 
-
r 
- 
.806 
- 
ERN 
-
a 
- 
2.58 
ETERS 
OAT E 
MAY 6 
JUN 15 
APR 27 
APR I8 
Fig.  1 Comparison of t h e  s e a s o n a l  changes  i n  t h e  magni tude oT 
f l u s h i n g  i n  t h r e e  p o p u l a t i o n s  o f  P a s s i Z l o r a  ..--- rnoll issirna -- 
on t h e  i s l a n d  of  Hawai ' i  with t h e  mean r e s p o n s e  o i  a l l  
p o p u l a t i o n s .  Based o n  t h e  s i n e  Func t ion  ( B r i d g e s  e t  a l .  
1981). r = P e a r s o n ' s  c o r r e l a t i o n  c o e f f i c i e n t ;  a  = monthly 
mean; b = a n n u a l  a m p l i t u d e ;  c = disp lacement  o r  maximum 
v a l u e .  
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F i g .  19 .  Comparison of t h e  r e l a t i v e  magnitude and s e a s o n a l i t y  of 
f l u s h i n g  o b t a i n e d  by sampling e n t i r e  i n d i v i d u a l s  v e r s u s  
a s e l e c t e d  shoo t  p e r  i n d i v i d u a l .  
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Fig. 20. Comparison of t he  seasona l i t y  i n  shoot growth ( inc rease  
i n  shoot l eng th  cm/day) i n  t l iree popula t ions  of P a s s i f l o r a  
mollissima i n  t h e  i s l and  of ~ a w a i ' i  with t h e  mean response 
of a l l  popula t ions .  Based on t h e  s i n e  func t ion  (Bridges e t  
a l .  1961). r = Pearson ' s  c o r r e l a t i o n  c o e f f i c i e n t ;  a = monthly 
mean; b = annual amplitude; c - displacement o r  maximum value .  
LAUPAHOEHOE 
GROWTH (diameter) 
Fig. 2 1 .  Comparison of the seasonality in shoot growth (increase in 
shoot diameter mm/yr) in three populations of Passiflora 
mollissima on the island of Hawai'i with the mean response of 
all populations. Based on the sine function (Bridges et al. 
1981). r = Pearson's correlation coefficient; a = monthly 
mean; b = annual amplitude; c = displacement oe maximum value. 
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Comparison of t h e  s e a s o n a l  changes  i n  t h e  magnitude of l e a f  
tu rnover  i n  t h r e e  p o p u l a t i o n s  of P a s s i f l o r a  m o l l i s s i m a  on 
t h e  i s l a n d  of Hawai ' i .  Based on t h e  s i n e  f u n c t i o n  (Br idges  
e t  a l .  1981): r = P e a r s o n ' s  c o r r e l a t i o n  c o e f f i c i e n t ;  
a  = monthly mean; b = a n n u a l  ampl i tude ;  c = disp lacement  
o r  maximum v a l u e .  

F i g .  23. J u v e n i l e  p l a n t  of P a s s i f l o r a  m o l l i s s i m a .  Note d i s t i n c t i v e  
-- 
morphology: s h a r p l y - l a n c e o l a t e ,  deeply- lobed,  t h i n  l e a v e s  
and long ,  f l e x i b l e  i n t e r n o d e s  and t e n d r i l s .  

Fig. 24. Climate diagrams of t h e  t h r e e  phenology s tudy  a r e a s  i n  Hawai ' i  and 
t h r e e  s e l e c t e d  s i t e s  of P a s s i f l o r a  moll iss ima h a b i t a t  i n  South 
America. Format fo l lows  Walter e t  a l .  (1975). Arrows i n d i c a t e  
peak pe r iods  of f l u s h i n g  ( F l ) ,  budding (B) and a n t h e s i s  (A) a t  
each s i te  i n  Hawai'i. The average va lue  f o r  each i s  p l o t t e d  onto 
t h e  South American s i t e s .  The uppermost l i n e  i n  each diagram 
r e p r e s e n t s  mean monthly p r e c i p i t a t i o n  p l o t t e d  wi th  r e f e rence  t o  t h e  
right-hand o rd ina t e .  The bottom l i n e  r e p r e s e n t s  mean monthly a i r  
temperature p l o t t e d  wi th  r e f e rence  t o  t h e  lef t -hand o rd ina t e .  
The mean annual  p r e c i p i t a t i o n  a t  each s i t e  is found i n  t h e  upper 
right-hand corner ;  t h e  mean annual  a i r  temperature i n  t h e  cen te r .  
The f i g u r e  i n  t h e  upper lef t -hand corner  r e p r e s e n t s  t h e  number of 
' y e a r s  of obse rva t ions  f o r  temperature and r a i n f a l l  ( r e s p e c t i v e l y ) ,  
o r  both i f  on ly  one number appears .  R a i n f a l l  and temperature da t a  
f o r  Hawai'i a r e  from the  n e a r e s t  meteoro logica l  s t a t i o n ;  long-term 
averages from t h e  S t a t e  of Hawai'i (1970). South American d a t a  i s  
from U. S. Dept. of Commerce (1959; 1966). Monthly r a i n f a l l  va lues  
g r e a t e r  than  100 mm a r e  i nd ica t ed  by blackened a r e a s .  Dotted 
a r e a s  r e p r e s e n t  "humid" pe r iods ;  v e r t i c a l  ha tch ing  r e p r e s e n t s  
per iods  of drought.  
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Fig.  25. E f f e c t s  of vary ing  l i g h t  i n t e n s i t y  on t h e  r e l a t i v e  growth r a t e  (RGR) ,  n e t  a s s i m i l a t i o n  r a t e  (NAR) 
and l e a f  a r e a  r a t i o  (LAR) of P a s s i f l o r a  mo l l i s s ima .  
r 4 Weeks 
RELATIVE LIGHT INTENSITY 
Fig .  26. E f f e c t s  of v a r y i n g  l i g h t  i n t e n s i t i e s  on t h e  h e i g h t  and 
weight of P a s s i f l o r a  m o l l i s s i m a .  
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RELATIVE LIGHT INTENSITY 
Fig .  27. Mean d e n s i t y  (no.  /200 m2) of P a s s i f l o r a  m o l l i s s i m a  under  v a r i o u s  l e v e l s  of r e l a t i v e  i r r a d i e n c e  
(RLI) a s s o c i a t e d  w i t h  exper imenta l  canopy removal.  
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Seedling and 
Germlnont 
RELATIVE LIGHT INTENSITY 
F i g .  28. Mean biomass (g/200 m2 d r y  wt .) of  P a s s i f  l o r a  m o l l i s s i m a  
under  v a r i o u s  l e v e l s  of r e l a t i v e  i r r a d i a n c e  (RLI) a s s o c i a t e d  
w i t h  e x p e r i m e n t a l  canopy removal.  
TIME (months) 
Fig.  29. Ra te  of c o l o n i z a t i o n  by P a s s i f l o r a  mol l i s s ima  under cond i t i ons  
of a r t i f i c i a l  canopy removal. 
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Fig .  30. I n c r e a s e  i n  t o t a l  cover  of P a s s i f l o r a  m o l l i s s i m a  under  v a r i o u s  l e v e l s  of r e l a t i v e  i r r a d i a n c e  (RLI) 
d u r i n g  1 4  months of  canopy d i s t u r b a n c e .  
APPENDIX 1:  Count-plot Analysis  of t h e  Populat ion Ytructure of 
P a s s i f l o r a  mollissima 
Tables  20-25. Count-plot a n a l y s i s  of t he  populat ion s t r u c t u r e  of 
P a s s i f l o r a  mollissima a t  seven s e l e c t e d  s i t e s  on the  i s l a n d  o f  
Hawai' i. Raw da ta  counts  of dens i ty  i n  10 X 10 m contiguous 
p lo t s .  The reproduct ive c l a s s e s  were subsampled a t  s eve ra l  
s i t e s ,  a s  i nd ica t ed .  
Table 16. Count-plot a n a l y s i s  of t h e  popula t ion  s t r u c t u r e  of P a s s i f l o r a  
moll iss ima a t  Kaloko-1. Raw da t a  counts:  enumeration i n  
2 10 x 10 m contiguous subplo ts .  To ta l  a r e a  of a l l  p l o t s  1000 m . 
Basal  diameter 
c l a s s  (mm) 
range 
(mm) 
number of i nd iv idua l s  
Reproduction 
c l a s s e s  ( h t )  
range number of t o t a l  a r e a  
( cm) ind iv idua l s  sampled 
Table 17. Count plot analysis of the population structure of Passiflora 
mollissima at Kaloko-2. Raw data counts: enumeration in 
2 10 x 10 m contiguous subplots. Total area of all plots 1000 m . 
Basal diameter range 
class (rnm) (m) 
number of individuals 
4 8 (46-50) 1 
Reproduction range number of total area 
classes (ht) ( c d  individuals sampled 
Table 18. Count-plot a n a l y s i s  of t h e  popula t ion  s t r u c t u r e  of P a s s i f l o r a  
moll iss ima a t  Laupehoehoe-1. Raw d a t a  counts :  enumeration i n  2 10 x 10 m-contiguous subplo ts .  To ta l  a r e a  of a l l  p l o t s  1500 rn . 
Basal  diameter  
c l a s s  (mm) 
range 
(md 
number of i n d i v i d u a l s  
3 ( 1 - 5 )  17 
8 ( 6-10) 2 1 
13 (1  1-15) 4 
18 (16-20) 5 
2 3 (21-25) 0 
28 (26-30) 2 
33 (31-36) 1 
3 8 (36-40) 4 
4 3  (41-45) 2 
48  (46-50) 1 
5 3 (51-55) 1 - 
Reproduction range number of t o t a l  a r e a  
c l a s s e s  ( h t )  (cm> i n d i v i d u a l s  sampled 
Table 19. Count-plot analysis of the population structure of Passiflora 
mollissima at Laupahoehoe-2. Raw data counts: enumeration in , 
10 x 10 m contigubus subplots. Total area of all plots 1200 mZ. 
Basal diameter range 
class (mm) (m) 
number of individuals 
Reproduction 
classes (ht) 
range 
( cm> 
number of total area 
ind ividua 1 s sampled 
Tab l e  20. Count-plot a n a l y s i s  of t h e  popula t ion  s t r u c t u r e  of P a s s i f l o r a  
mol l i s s ima a t  Laupehoehoe-3. Raw d a t a  counts :  enumeration i n  2 10 x 1 0  m cont iguous subplo ts .  T o t a l  a r e a  of a l l  p l o t s  1200 m . 
Basal  diameter  range 
c l a s s e s  (mm) (mm) 
number of i n d i v i d u a l s  
3 ( 1- 5)  11 
8 ( 6-10) 14 
13 (11-15) 15 
18 ( 16-20) 6 
2 3 (21-25) 1 
28 (26-30) 2 
3 3 (31-35) 2 
38 (36-40) 2 
43 (41-45) 1 
4 8 (46-50) 0 
5 3 (51-55) 1 
Reproduction range number of t o t a l  a r e a  
c l a s s e s  ( h t )  ( cm) i n d i v i d u a l s  sampled 
Table 21. Count-plot analysis of the popualtion structure of Passiflora 
mollissima at 'Ola'a-1. Raw data counts: enumeration in 2 10 x 10 m contiguous cubplots. Total area of all plots 800 m . 
Basal diameter range 
classes (mm) (mm> 
number of individuals 
Reproduction range number of total area 
classes (ht) (4 individuals sampled 
.e 22. Count-plot analysis of the population structure of Passiflora 
mollissima at 'Ola'a-2. Raw data counts: enumeration in 2 10 x 10 m contiguous subplots. Total area in plots 700 m . 
Basal diameter range 
classes (mm) (mm) 
number of individuals 
Reproduct ion 
classes (ht) 
range 
(cm> 
number of total area 
individuals sampled 
APPENDTX 2: Climates of t he  Three Phenology Study S i t e s  
'Jnusually-dry weather condi t ions  p reva i l ed  during much of the 
phenological  monitoring period (1 980-1 331 ) . Following i s  a 
g raph ica l  comparison of the  these  y s a r s  t o  t h e  long-term averages 
a t  each of t h e  t h r e e  s i t e s  with t h e  use of c l imate  diagrams 
 alter e t  a l .  1975). The uppermost l i n e  i n  each diagram 
rep resen t s  mean monthly p r e c i p i t a t i o n  p l o t t e d  with re ference  t o  
t h e  right-hand ord ina te .  The bottom l i n e  r ep re sen t s  mean monthly 
a i r  temperature p l o t t e d  with re ference  t o  t h e  lef t -hand ord ina te .  
The mean annual p r e c i p i t a t i o n  is  found i n  t h e  upper-r ight  hand 
corner  of each diagram; t h e  mean annual a i r  temperature i n  the  
center .  The f i g u r e  i n  t h e  upper l e f t  r ep re sen t s  the  number of 
years  of observa t ions  f o r  temperature and r a i n f a l l  ( r e spec t ive ly )  
o r  both,  i f  only one number appears.  R a i n f a l l  and temperature 
da ta  a r e  from t h e  n e a r e s t  meteorological  s t a t i o n ;  long-term 
averages from S t a t e  of Hawait i (1 970). Monthly r a i n f a l l  values 
g r e a t e r  than  100 mm a r e  i nd ica t ed  by blackened areas .  Dotted 
a r e a s  i n d i c a t e  per iods  of c l ima t i c  drought; v e r t i c a l  hatching 
r ep resen t s  humid periods.  
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Fig. 31. Comparison of t h e  long-term c l ima te  wi th  t h e  s tudy yea r s  
(1980-1981) a t  Kaloko, Hawai ' i .  
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Fig .  32.  Comparison of  t h e  long-term c l i m a t e  w i t h  t h e  s t u d y  y e a r s  
(1980-1981) a t  Laupahoehoe, Hawai' i. 
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Fig. 33. Comparison of the long-term climate with the study years 
(1980-1981) at 'Ola'a, Hawai'i. 
APPENDIX 3: Management Recommendations 
P a s s i f l o r a  mollissima (banana poka) has invaded and is 
expanding i n  a wide range of h a b i t a t s  i n  Hawai ' i .  The successfu l  
p a t t e r n  of resource a l l o c a t i o n  of t h i s  vine ( r a p i d  growth r a t e s ,  
e a r l y  reproduct ive  matur i ty ,  continuous reproduct ion and high 
seed ou tpu t ) ,  combined with the  lack  of any s e r i o u s  p reda to r s  o r  
pathogens and e f f e c t i v e  d i s p e r s a l  by a  h o s t  of e x o t i c  animals ,  
has l e d  t o  t he  r ap id  spread of popula t ions  i n  Hawsi ' i .  Small 
s c a l e ,  l oca l i zed  e f f o r t s  a t  con t ro l  o r  e r a d i c a t i o n  P. mollissima 
a r e  l abo r  i n t e n s i v e  and counter-productive i n  t h e  long run. 
Ce r t a in  smal l ,  i s o l a t e d  populat ions,  such a s  t he  one found a t  
Kula, Maui could be held i n  check, however. Large-scale,  
chemical c o n t r o l  i s  undes i rab le  due t o  i t s  p o t e n t i a l l y  
d e l e t e r i o u s  e f f e c t  on t h e  n a t i v e  f l o r a  and fauna i n  t h e  a rea .  
Bio logica l  con t ro l  i s  c u r r e n t l y  t h e  most f e a s i b l e ,  e f f e c t i v e  
means of la rge-sca le  con t ro l  of t h i s  f o r e s t  pes t .  A successfu l  
bio-control  program i s  n e c e s s a r i l y  a  long-term commitment and 
pos t - re lease  s t u d i e s  a r e  an  i n t e g y a l  p a r t  of any program. 
I n  t h e  meantime, t h e  spread and p r o l i f e r a t i o n  of t h i s  weed 
should be l imi t ed  through t h e  c o n t r o l  of f e r a l  animals and 
f o r e s t  d i s tu rbance ,  where poss ib le .  Although P. mollissima is  
shade- to le ran t  through much of its l i f e  cyc l e ,  opt imal  growth and 
reproduct ion occurs  i n  f u l l  sun l igh t .  P r a c t i c e s  which tend t o  
open up t h e  canopy, such a s  logging,  hapu'u harves t ing  and 
la rge-sca le  c l e a r i n g ,  should be avoided where P .  mollissima is 
p resen t ,  even i n  low d e n s i t i e s .  Manual conTrol of smal l ,  
expanding populat ions,  fol lowing canopy-opening s t o r m ,  i n  a r e a s  
such a s  t he  'O la ' a  T r a c t  may be poss ib l e  and should be attempted 
on a  t r i a l  b a s i s ,  i f  manpower is  ava i l ab l e .  I t  i s  evident  from 
t h e  s tudy of t h e  biology of t h i s  spec i e s  t h a t  con t ro l  of the  
banana poka is  c l o s e l y  a s soc i a t ed  wi th  t h e  con t ro l  of f e r a l  p igs  
and c e r t a i n  e x o t i c  b i rds .  P i g s  a r e  t h e  p r i n c i p a l  d i s p e r s a l  agent  
i n  most a r e a s  and t h e i r  roo t ing  a c t i v i t i e s  o f t en  enhance seedl ing  
establ ishment .  C e r t a i n  b i r d s  with more l imi t ed  d i s t r i b u t i o n s ,  
such a s  t h e  K a l i j  pheasant ,  may be con t ro l l ed  i n  a r e a s  where 
banana poka is p re sen t  bu t  more wide-ranging f o r e s t  b i r d s  would 
he more d i f f i c u l t  t o  con t ro l .  F i n a l l y ,  t he  publ ic  must be 
educated regarding the  problem t h a t  banana poka poses i n  our  
n a t i v e  f o r e s t s .  I ts  e d i b l e  f r u i t  and a t t r a c t i v e n e s s  a s  a n  
ornamental could e a s i l y  lead  t o  i t s  i n t e n t i o n a l  spread t o  new 
a r e a s ,  p a r t i c u l a r l y  by uninformed ma l ih in i s  (newcomers) , a s  has 
happened i n  the  pas t .  
